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I. INTRODUCTION 
Solar radiation is man's sole source of food energy, and green 
plants are the only organisms capable of converting this energy into 
a useable product. They are, however, inefficient in this conversion 
process. The amount of solar energy collected by green plants and 
converted into biomass seldom exceeds 2% of the solar energy incident 
on a unit of land area (Mock, 1976). The basic objective of most plant 
breeding programs is to improve the efficiency with which the crop 
converts solar energy into a useable product. One solution to this 
problem is to increase the amount of solar energy intercepted by 
plants in the crop community, a phenomenon that may be accomplished 
by increasing the plant density so that a maximum amount of solar 
energy is intercepted by the crop and a minimum is wasted. 
When most contemporary genotypes of maize are grown at plant 
densities that maximize light interception, they are barren; i.e., 
they fail to produce ears and/or grain. For the maize breeder, 
therefore, the goal of increased efficiency of conversion of solar 
energy into a useable food product can be attained by developing geno­
types that resist barrenness at high plant densities; i.e., density-
tolerant genotypes that yield well over a range of plant densities 
(Mock and Buren, 1972). 
One maize trait often associated with density tolerance is 
small tassel size (Mock and Buren, 1972; Buren et al., 1974; Mock 
and Pearce, 1975). Small tassels would allow more light to strike 
the leaves in the upper canopy of the plants than would large tassels. 
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Furthermore, small tassels would produce less pollen than large ones, 
and some of the energy and nutrients required for pollen production 
would be used for ear and grain development. Johnson and Lambert 
(1975) calculated that reducing average tassel branch number from 
13.0 to 0.5 branches could increase maize grain yields by six quintals 
per hectare (q/ha) at 76,600 plants per hectare (plants/ha). 
These findings suggest that a breeding program involved with 
development of density-tolerant genotypes should include small tassel 
size. Schuetz and Mock—^ found that tassel branch number, total 
length of tassel branches, and tassel dry weight were controlled by 
the same genetic system. Of these traits, tassel branch number was 
easiest to evaluate. Development of smallr-tasseled genotypes, 
therefore could be accomplished most easily by selecting for low tassel 
branch number. 
Before commencing a breeding program for low tassel branch number, 
one should investigate inheritance of the trait. Mock and Schuetz 
(1974) conducted a detailed study involving a cross of two maize 
inbred lines, and they also examined mean tassel branch numbers for 
several crosses grown in their breeding nursery. Their data suggested 
a variable inheritance pattern for tassel branch number because. 
_1/ Schuetz, S. H., and J. J. Mock. 1976. Unpublished progress report 
to the Committee for Agricultural Development, Agronomy Department, 
Iowa State University. 
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relative to midparent values, responses were genotype-dependent 
(Table 1). Furthermore, Mock and Schuetz (1974) concluded reciprocal 
effects were not important in the cross they studied in detail. 
Additional data from recent breeding nursery observations, however, 
do not corroborate this conclusion (Table 2). Obviously, studies 
of inheritance of tassel branch number in maize should include data 
from more than one cross. The research reported herein was conducted 
to; 1) study inheritance of tassel branch number in crosses involving 
several maize inbred lines to allow formulation of general conclusions 
concerning inheritance of the trait; 2) investigate reciprocal effects 
on tassel branch number in crosses involving BSSS-36 and BSSS-78; 
3) precisely evaluate dominant gene action for tassel branch number; 
4) determine if sufficient linkage were present to bias variance 
estimates; and 5) precisely estimate genetic effects and genetic 
variance components by evaluating sufficient numbers of generations 
and plants per generation from each cross. 
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Table 1. Mean numbers of tassel branches for several maize inbreds 
and their hybrids (Mock and Schuetz, 1974). 
Mean tassel Midparent 
Genotype branch numbers values 
B75 2.7 
(M14 X C103)-1517 22.6 
F, 9.4 12.6 
B75 2,7 
A257 22.4 
F 13.0 12.6 
B75 2.7 
B59 15.8 
F, 12.0 9.2 
B75 2.2 
H19 4.7 
F 8.7 3.2 
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Table 2. Mean numbers of tassel branches for two inbreds and their 
reciprocal crosses. 
Mean tassel 
Genotype branch numbers 
BSSS-36 11.67 + 0.32 
BSSS-78 15.17 + 0.56 
BSSS-36 X BSSS-78 13.67 + 0.95 
BSSS-78 X BSSS-36 18.50 + 1.12 
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II. LITERATURE REVIEW 
A. Gene Action of Traits Influencing Density 
Tolerance in Maize 
Studies with maize grown at relatively high plant densities 
(i.e., greater than 80,000 plants/ha) represent a new area of 
research; consequently, reports in the literature from these studies 
are rare. Most reports, however, demonstrate that several traits 
are associated with density tolerance in maize. Mock and Buren 
(1972) and Buren et al. (1974) reported that at a stand of 98,800 
plants/ha, tolerant genotypes were characterized by large ears, early 
silking, rapid silk emergence, a short pollen-shed-to-silking 
interval, and a small tassel. Mock and Pearce (1975) proposed a 
maize ideotype that would be adapted to an optimum production 
environment (which would include high plant densities). Their 
ideotype would possess vertically oriented leaves above the ear, 
maximum photosynthetic capacity, efficient conversion of photo-
synthate into grain, a short pollen-shed-to-silking interval, ear-
shoot prolificacy, a small tassel, photoperiod insensitivity, cold 
tolerance, a long grain-filling period, and slow leaf senescence. 
Limited research has been conducted on the types of gene action 
controlling these traits. I will summarize available data for each 
trait to show that: 1) the traits are heritable and 2) sufficient 
additive gene action is operative to permit successful selection. 
Since my research emphasized the trait tassel branch number, separate 
sections of my literature review will be devoted to the association 
7 
of small tassels with density tolerance and to previous research 
on mode of inheritance for this trait. 
1. Days to silking 
Bagshaw (1964) estimated that 23 genes controlled the trait, 
number of days to silking. His data showed either no dominance or 
partial dominance for earliness and no epistasis for this trait in 
the genotypes he studied. Similar results were obtained by Santos 
(1967). Bagshaw (1964) estimated heritability to be 0.48 for days 
to silking. Hallauer (1965), on the other hand, found only three 
effective factors controlled days to silking, and he concluded 
additive gene action was of major importance. Similarly, studies 
conducted by Eberhart et al. (1966) and Stuber et al. (1966) 
demonstrated that additive gene action accounted for most of the 
variability observed for days to flowering. Daniel (1965a) evaluated 
flowering date in a diallel set of crosses among 18 sweet corn lines 
and obtained significant mean squares for both general and specific 
combining ability. The variance component for general combining 
ability was more than nine times greater than the variance component 
for specific combining ability. Likewise, Strube (1967) demonstrated 
general combining ability was more important than specific combining 
ability for days to flowering, and he calculated a broad-sense 
heritability of 0.84 for this trait. Further evidence for a 
preponderance of additive gene action controlling silking date was 
obtained from experiments (both Design I and Design II) conducted 
by Cerrate in 1968. 
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Other authors, however, have found nonadditive gene action 
to be most important in inheritance of days to silking. 
For instance, Daniel (1973) found that additive genetic variance 
for flowering date was highly significant. In other analyses, 
both additive and dominance effects were significant. In another 
study (Sreekantaradhya and Mahadevappa, 1969), narrow-sense 
heritability was significantly lower than broad-sense heritability, 
suggesting that nonadditive gene action was most important in 
determining days to silk emergence. Additionally, Sharma et al. 
(1972) and Setty (1975) found significant additive and additive x 
additive effects for this trait. In each of the three crosses 
evaluated by Sharma et al. (1972), the magnitude of the additive x 
additive component was greater than that of the additive component. 
Additionally, highly significant additive x dominance and dominance 
X dominance effects were present, but of lesser magnitude. 
Mock and Buren (1972) showed that for days to silking, only 
general combining ability effects were significant statistically 
at 12,400 plants/ha, but both general and specific combining ability 
effects were significant at 98,800 plants/ha. The specific combining 
ability mean square (2.82) was smaller than the mean square 
attributed to general combining ability (24.00). 
Several researchers have estimated the number of genes or 
effective factors influencing days to silking. The two extreme 
estimates, three factors reported by Hallauer (1965), and 23 factors 
estimated by Bagshaw (1964), have been mentioned previously. 
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Other estimates include four (Daniel, 1973), eight (Brown, 1968), 
twelve (Fuchs, 1973), and seventeen (Setty, 1975). 
Apparently, days to silking in maize is quantitatively 
inherited; and although nonaddttive gene action ia significant 
in some crosses, additive gene action seems to be most important. 
2. Silking interval and pollen-shed-to silking interval. 
Mock and Buren (1972) found no significant combining-ability 
effects for silking interval in a six-line diallel grown at 12,400 
plants/ha, but at 98,800 plants/ha, general and specific combining 
ability effects both were highly significant. For pollen-shed-to-
silking interval, both general and specific combining ability 
effects were significant at each density; however, the general 
combining ability mean square was 14.51 and the mean square for 
specific combining ability was 3.32. 
3. Leaf orientation 
There are conflicting data in the literature concerning 
inheritance of leaf orientation in maize. Kump and Vasilj (1973) 
estimated that six genes controlled leaf angle in the cross they 
investigated. Furthermore, they demonstrated that vertical-leaf 
orientation was dominant to horizontal-leaf orientation, and that 
dominance and interaction effects were more important than additive 
gene effects. On the other hand, Pandeya and Gamble (1969) 
(using a Design I experiment with two open-pollinated maize varieties) 
showed additive genetic variance was more important than dominance 
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variance. Mock and Pearce— evaluated leaf orientation in a 
diallel set of crosses (involving nine inbreds) grown at three 
plant densities. Their results agreed with those of Pandeya and 
Gamble (1969) and showed that only general combining ability 
effects were significant at all three densities. They showed, 
however, that horizontal- was dominant to vertical-leaf orientation. 
Mason and Zuber (1976) studied a diallel among six inbred lines 
and concluded that general and specific combining ability effects 
were of equal importance in the inheritance of leaf angle. 
Three of the four studies I have discussed indicated additive 
gene action was as important as, or more important than, non-
additive gene action. Apparently, gene action influencing leaf 
orientation mainly is of the additive type. 
4. Photosynthetic capacity 
Little evidence has been reported in the literature on the 
types of gene action influencing photosynthetic capacity in maize. 
Fousouva and Avratovscukova (1973) analyzed inheritance of photo­
synthetic rates of leaf discs from five maize hybrids, their 
parents, and backcrosses to each parent by generation mean analyses 
and found dominance effects were most important for four of the 
five hybrids. For the fifth hybrid, epistatic effects were most 
2^/ Mock, J. J., and R. B. Pearce. 1974. Unpublished progress report 
to the Committee for Agricultural Development. Agronomy 
Department, Iowa State University. 
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important. In an earlier publication, Fousouva and Avratovscukova 
(1967) reported heterosis for high carbon dioxide exchange rate 
(CER), and this, too, suggested nonadditive gene action. Crosbie 
3 / 
and Mock- detected significant heterosis for high CER in an eight-
line diallel set of crosses. Although the specific combining 
ability effects they calculated were significant for CER in the 
vegetative growth stage, magnitudes of general combining ability 
components were substantially larger than those for specific 
combining ability during both vegetative and grain-filling stages. 
Apparently, additive gene effects are significant in the control 
of CER; but nonadditive effects may play a role in specific crosses. 
5, Prolificacy 
There are contradictory reports in the literature on types of 
gene action controlling number of ears per plant. Papers I 
reviewed are divided between additive and epistatic gene action. 
Laible (1964) concluded both additive and partially dominant 
gene effects were most important for ear number. Later, Laible 
and Dirks (1968) reported their data for ear prolificacy fit an 
additive model, but dominance was also prevalent. Additivity was 
the most important component of variance for ear number in studies 
2/ Crosbie, T. M., and J. J. Mock. 1976. Unpublished progress report 
to the Committee for Agricultural Development. Agronomy 
Department, Iowa State University. 
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conducted by Eberhart et al. (1966), Stuber et al. (1966), and 
Cerrate (1968). Furthermore, Khristova and Khristov (1976) 
found additive gene action was the main factor influencing ear 
number for an intergeneric hybrid involving maize and tripsacum. 
Other authors (Crum, 1967; Gil, 1968; Stuber and Moll, 1968) 
observed significant epistasis for ear number, although the last-
named authors concede epistatic effects may be important only in 
a few unique crosses. 
Hallauer (1974) classified prolificacy as a "threshold" trait 
because the phenotypic distribution was discontinuous even though 
genotypic and environmental effects were continuously distributed. 
He estimated average heritability for prolificacy to be 0.24 on 
an individual plant basis. Bagshaw (1964) obtained a heritability 
of 0.44 for number of ears per plant and estimated that from one 
to three genes controlled the trait. 
6. Grain-filling period 
Hallauer and Russell (1962), using Hayman's generation mean 
analysis, demonstrated that dominance effects were most significant 
for the number of days from silking to maturity. Cross (1975), 
however, found that the ratio of general combining ability effects 
to specific combining ability effects was larger than 10, indicating 
additive gene action was more important in determining duration of 
the grain-filling period. 
I have discussed only a few of the traits shown to be associated 
with density tolerance and efficient conversion of solar energy 
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into maize grain by Mock and Buren (1972), Buren et al. (1974), 
and Mock and Pearce (1975). From my review, it appears that 
traits influencing density tolerance usually are: 1) quantitatively 
inherited; 2) controlled by additive gene action; and 3) sufficiently 
heritable to permit successful selection. 
B. The Role of Maize Tassels in Plant 
Density Tolerance 
Several researchers have demonstrated a relationship between 
tassel size and grain production of maize plants grown under 
stress conditions. For example, Buren et al. (1974) found correla­
tions between dry weight of the tassel at pollen shed and grain 
yield ranging from -0.41 to -0.80 for three sets of hybrids grown 
at a plant density of 98,800 plants/ha. Obviously, a decrease in 
tassel dry weight should be accompanied by an increase in grain 
yield. Sharma and Dhawan (1968) reported a phenotypic correlation 
of -0.747 and a genotypic correlation of -0.824 between mean tassel 
branch number for pairs of inbred parents and grain yield of their 
4/ 
respective F^ hybrids. Similarly, Schuetz and Mock— obtained 
partial correlation coefficients (pollen-shed-to-silking interval 
held constant) between tassel branch number and grain yield of three 
maize inbreds to be -0.09, -0.61, and -0.83 at 40,000, 80,000, and 
160,000 plants/ha, respectively. Evaluations of correlated responses 
Schuetz, S. H., and J. J. Mock. 1975. Unpublished progress report 
to the Committee for Agricultural Development. Agronomy 
Department, Iowa State University. 
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to recurrent selection for grain yield in three Iowa maize breeding 
populations showed six to seven cycles of selection had significantly 
increased grain yield and significantly decreased tassel branch 
number and tassel dry weight (Fakorede, 1977). 
The relationship between tassels and grain yield of maize was 
first noticed in comparisons of grain yields of detasseled plants 
with yields of their nondetasseled counterparts. Watson (1892) and 
Crozier (1895) observed grain yield increases as large as 50.6 and 
5%, respectively, associated with detasseling. Other early 
researchers who noticed increased grain yields of detasseled maize 
plants were Newman (1893), Gardner (1894), and Smith et al. (1895). 
Some of these early investigators, such as Ingersoll (1892) 
and Mills (1893), observed reductions in grain yield associated with 
detasseling; but research of Kiesselbach (1932), Johnson and 
Christensen (1935), and Borgeson (1943) demonstrated these reductions 
probably were due to removal of leaves with the tassels or to 
increased incidences of smut caused by injuries inherent in the 
detasseling process. 
Recently, Hactrjan (1965) found that detasseling resulted in 
increases in grain yield ranging from 11 to 20% and increases in 
ear weight ranging from 16 to 23%. Schwanke (1965) compared 
detasseled and nondetasseled maize plants at a high plant density 
and observed higher grain yield and lower barrenness in detasseled 
than nondetasseled plants. Hunter et al. (1969) reported that 
the yield advantage of detasseled plants increased as plant density 
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increased. Furthermore, partial detasseling was accompanied by 
a yield increase in a study conducted by Shekhawat et al. in 
1964, suggesting a similar increase might be brought about by a 
reduction in tassel branch number. 
Effects of detasseling on maize grain yields at various plant 
densities were examined by Grogan in 1956. Similar to results of 
Hunter et al. (1969), he found that yield advantages of detasseled 
plants increased as plant density increased. Grogan (1956) 
concluded that since the tassel develops and functions before the 
ear, it probably begins using available nutrients before the ear. 
Under stress conditions, such as high plant densities, nutrient 
supply may be limited and the nutrients remaining after the tassel 
completes development may not be sufficient for complete ear 
development. Yield advantages of detasseled plants may, therefore, 
be a consequence of decreased competition for nutrients between 
tassel and ear primordia. 
When hybrid seed of maize was produced by detasseling, much 
research was conducted on the effects of detasseling on grain yield. 
During the I960's, male sterility was used in production of hybrid 
seed, so the effect of male sterility on grain yield became the 
focal point for research. Conclusions drawn from research with 
male-sterile plants are similar to those drawn from investigations 
of effects of detasseling on grain yield. 
Duvick (1958) compared yields of male-sterile and male-fertile 
plants across plant densities, and found male-sterile plants displayed 
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yield advantages that were more pronounced at high densities. 
Similarly, grain yield increases of 17 and 41% were observed 
by Chinwuba et al. (1961) for male-sterile relative to male-
fertile genotypes, grown at 33,000 and 68,000 plants/ha, respectively. 
Meyer (1970) found that at 44,000 plants/ha there were no grain-
yield differences among male-fertile and male-sterile lines, but 
at 89,000 plants/ha, male-sterile genotypes averaged 7% more grain 
than their male-fertile counterparts. Furthermore, male sterility 
was associated with decreases in barrenness ranging from 4 to 20% 
at the high plant density. The authors of these papers reached 
conclusions similar to that drawn by Grogan (1956); i.e., yield 
increases observed for male-sterile compared with male-fertile 
genotypes under stress conditions were due to decreased competition 
for nutrients between the tassel and the ear. 
Sanford et al. (1965) initiated a study to determine which 
nutrients were important in this intraplant competition. Their 
data demonstrated that male-fertile tassels had a significantly 
higher nitrogen content than male-sterile tassels before anthesis; 
but after anthesis, this difference was not evident. Additionally, 
male-sterile plants had more ears. Sanford et al. (1965) concluded 
that the greater number of ears on male-sterile plants resulted from 
reduced intraplant competition for nitrogen. Competition for nitrogen 
between tassels and ears also may be reduced by reducing the size 
of the tassel. Johnson and Lambert (1975) found that, at 76,600 
plants/ha, genotypes that averaged 13 tassel branches lost 10.9 kg 
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nitrogen/ha from the tassel during anthesis; whereas, those that 
averaged 0.5 branches per tassel lost only 5.9 kg nitrogen/ha. 
Probably, the phenomenon of competition for nutrients between 
the tassels and the ears is hormonally controlled. Since the 
tassel is the apical meristem of the maize plant, it likely exerts 
apical dominance over development of the plant. Phillips (1969) 
explained that apical dominance is the result of "hormone-directed 
transport of nutrients". This process involves two facets: 1) 
Nutrients move to a region of high auxin concentration where they 
accumulate. This movement has been verified by studies with 
radioactive carbon (Phillips, 1969; Criswell et al., 1974); 2) Auxin 
may move down the stem from the apical bud (the tassel in the case 
of maize) and inhibit the development of vascular connections to 
the axillary buds (ears) which, in turn, impedes the flow of 
nutrients to these buds. A correlation between development of 
axillary buds and vascular connections has been demonstrated for 
Pisum by Sorokin and Thimann (1964) and for Vicia by Panigrahi and 
Audus (1966). 
Similar mechanisms seem to be causing apical dominance of 
tassels in maize plants. Criswell et al. (1974) supplied labeled 
COg to male-sterile and male-fertile plants and found that less 
assimilate was translocated to tassels of male-sterile plants than 
to those of male-fertile plants; consequently, more assimilate moved 
to the ears of male-sterile plants. Ears on male^terile plants 
were larger than those on their male-fertile counterparts, and 
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Criswell et al. (1974) speculated that the lower demand for 
assimilate characteristic of the male-sterile plants may have been 
due to reduced auxin production by the apical meristem of these 
plants. According to the hormone-directed transport theory, reduced 
auxin production should allow the ear to develop more easily into 
a strong sink for assimilates. Meyer (1970) further proposed that 
reduced auxin production might permit rapid growth of the ear. This 
hypothesis is supported empirically by data of Grogan (1956), Meyer 
(1970), and Criswell et al. (1974), that showed earlier silking dates 
for detasseled or male-sterile plants than for normal plants. Reduced 
auxin production by the apex may, therefore, decrease the pollen-
shed-to-silking interval, a trait that is inversely related to 
density tolerance (Mock and Burea, 1972; Buren et al., 1974; and 
Mock and Pearce, 197 5). 
Although several of the aforementioned researchers referred 
to the possible role of reduced hormone production in promoting 
density tolerance in maize plants, none presented data on effects 
of endogenous auxin levels on density tolerance. Meyer (1970) 
reported that Schwanke conducted auxin assays supporting the function­
ing of hormone-directed transport in maize. Schwanke found that 
tassels from density-tolerant genotypes contained from one-third 
to one-half the amount of hormone as tassels from density-intolerant 
genotypes. In addition, male-sterile tassels contained only half 
as much hormone as male-fertile types. These findings strongly 
support the hypothesis of Criswell et al. (1974). 
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The tassel also may intercept light which otherwise would 
reach the leaves. Duncan et al. (1967) found that at 27,000 
plants/ha, the maize tassel intercepted 4.2% of incident sunlight, 
but at 60,500 plants/ha, it intercepted 7.5%. In a computer-
simulation experiment, these workers found that shading of upper 
leaves by the tassel reduced photosynthesis from 4% at 17,000 
plants/ha to 19% at 99,000 plants/ha. 
Hunter et al. (1969) reported an increase in grain yield 
associated with tassel removal, but when tassels were removed and 
subsequently reinserted into the whorl, yields were no greater than 
those of control plants from which tassels had not been removed. 
These results suggested the primary effect of detasseling was to 
decrease light interception by Lhe tassel rather than to decrease 
competition for nutrients between the tassel and the ear. Working 
with three maize inbreds that differed markedly for tassel branch 
number, Schuetz and Mocfc^^ found a genotypic correlation of -0.47 
between grain yield and light interception by the tassel. The 
genotypic correlation between light interception by the tassel 
and number of tassel branches was 0.85. Evidently, low tassel-
branch number is associated with reduced light interception by 
the tassel and increased grain yields. Data obtained by 
2/ Schuetz, S. H., and J. J. Mock. 1976. Unpublished progress report 
to the Committee for Agricultural Development. Agronomy 
Department, Iowa State University. 
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Hunter et al. (1969) corroborate these results. 
Other researchers have presented less data, but suggested 
that light interception by maize tassels adversely affects grain 
yield (particularly at high plant densities). Katta and Gil (1970) 
postulated that reductions in yield usually observed with the 
introduction of dwarfing genes could be due to increased intraplant 
competition for light. Their research showed that at 60,000 
plants/ha, grain yield of a brachytic type could be increased by 
"selecting genotypes that permit a better penetration of light 
into the canopy". These genotypes were characterized by erect, 
narrow leaves, long internodes, and small tassels. 
Stringfield (ca. 1974) said, "...the normal corn tassel is 
thought to absorb and waste valuable light while producing a big 
excess of pollen in most field circumstances. A tassel of less than 
half the normal size probably would be adequate and economically 
advantageous". 
There are abundant data that suggest the tassel, through its 
role of controlling nutrient flow in the maize plant and through 
its interception of light energy, exerts a profound influence on 
grain yield at high plant densities. Most reports in the literature 
discuss effects on grain yield of complete removal of the tassel 
or of complete absence of pollen production promoted by male 
sterility. It should be emphasized, however, that yield responses 
obtained by negating effects of tassels usually are not "all or 
nothing" responses; i.e., one does not have to completely eliminate 
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tassel activity to obtain, a yield increase at high plant 
densities. Reducing the size of the tassel also may produce a 
yield increase. Shekhawat et al. (1964) reported that partial 
detasseling (i.e., removal of tassel branches) gave an increase 
in yield. Similarly, Hunter et al. (1969) obtained a significant 
increase in grain yield (0.4 tons/ha) at a density of 72,000 
plants/ha by removing tassel side branches. Johnson and Lambert 
(1975) genetically reduced the number of tassel branches by 96% 
and estimated that the accompanying decrease in pollen production 
would free sufficient photosynthate to produce an additional 3.1 
quintals of grain/ha. Furthermore, the energy that would have been 
used in production of tassel branches also could give a yield 
increase of 2.8 quintals/ha. The total yield increase associated 
with reduction of tassel branch number, therefore, could be 5.9 
quintals/ha. These authors concluded that "plant breeders may be 
able to reduce tassel size without any adverse effects on pollination, 
and to provide the potential for increased grain yield". 
C. Previous Studies of Inheritance of 
Tassel Branch Number in Maize 
Little research has been conducted on the inheritance of 
tassel branch number in maize. Although tassel branch number 
normally is considered a quantitative trait, some researchers 
have located single genes which influence it. Galinat (1969) 
demonstrated that a single gene can cause profuse branching of the 
tassel, and Neuffer et al. (1968) demonstrated that the trait 
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"unbranched tassel" (i.e., plants contain tassels without side 
branches) was controlled by a recessive allele at one locus. 
The locus has not been located to a chromosome within the maize 
genome. In many cases, the trait does not breed true upon 
selfing, suggesting it may not be controlled by a single gene. 
Johnson and Lambert (1975) found that incorporation of the 
liguleless trait (both Ig^ on chromosome 2 and Ig^ on chromosome 
3) into maize genotypes could reduce tassel branch number as 
much as 96% compared to tassel branch number of their normal 
counterpart. 
Apparently, Daniel was first to evaluate tassel branch number 
as a quantitatively inherited trait. In one experiment (Daniel, 
1965a) he evaluated tassel branch number in a diallel set of crosses 
involving 18 sweet com inbreds and obtained highly significant 
mean squares for general and specific combining ability. The 
variance component due to general combining ability, however, was 
about six times larger than the variance component due to specific 
combining ability. Daniel (1965a) computed a heritability of 0.65 
for the trait. In another experiment, Daniel (1965b) crossed two 
maize lines that contained only four kernel rows per ear, and he 
evaluated several traits, including tassel branch number, for both 
parents, the and generations, plus the backcrosses to each 
parent. The F^ showed complete dominance for high tassel branch 
number and the mean of the F^ was identical to that of the larger 
parent (Table 3). Furthermore, he obtained estimates of 0.64 for 
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Table 3. Mean numbers of tassel branches for generations evaluated 
by Daniel (1965b) and Mock and Schuetz (1974). 
Mean tassel branch numbers 
Generation Daniel Mock and Schuetz 
P, 12.53 9.8 + 0.2 
1 — 
Pg 8.00 38.0+0.4 
F, 12.35 33.2 + 0.4 
1 — 
F_ 12.66 29.3 + 0.3 I — 




additive genetic variance (D) and 3.24 for variance due to dominance 
deviations (H). Using Gamble's (1962) generation mean analysis, 
Daniel (1965b) obtained significant estimates of additive and 
dominance gene effects and dominance x dominance interaction effects. 
He estimated that two or three effective factors controlled tassel 
branch number in the cross he studied. 
Mukherjee et al. (1970) conducted a diallel experiment involving 
six parents and the 15 crosses among them. Using the methodology 
of Hayman (1954), they obtained a value of 179.13 for D and 191.27 
for H. They concluded that both D and H were of equal importance; 
their data were contradictory to those of Daniel (1965b). A 
graphic analysis of this data (Mukherjee et al., 1970) indicated 
that dominance was a major factor controlling tassel branch number 
and that there was no evidence for genie interactions. 
Mock and Schuetz (1974) studied the inheritance of tassel branch 
number in a cross of two maize inbreds derived from Iowa Stiff 
Stalk Synthetic. Their data demonstrated that high branch number 
was completely dominant (Table 3); these results agreed with those 
of Daniel (1965b). Using Gamble's (1962) generation mean analysis, 
they found significant additive and dominance gene effects, but 
no evidence for interaction effects. Additive genetic variance (D) 
was large and significant both years, but H, the nonadditive 
component, was significant only one of the two years. They concluded 
that tassel branch number was predominantly influenced by additive 
gene action, but more study was necessary to assess the importance 
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of dominance. Additionally, Mock and Schuetz (1974) detected no 
reciprocal effect and estimated that in the cross they studied 
tassel branch number was controlled by at least eight or nine 
genetic factors. Heritabilities on a single-plant basis averaged 
0.5, and heritability on an F^-family-mean basis was about 0.9. 
These high heritabilities, and the preponderance of additive gene 
action, suggested mass selection for reduced tassel branch number 
would be possible. 
The literature shows that, except for specific cases, tassel 
branch number is a quantitatively inherited trait that is primarily 
controlled by additive gene action. The importance of nonadditive 
effects evidently depends on the genotypes being evaluated. 
Therefore, before definite, general conclusions about mode of 
inheritance for tassel branch number are formulated, several geno­
types must be evaluated. 
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III. MATERIALS AND METHODS 
A. Plant Materials 
Plant materials used in my study were chosen so that 
differences between and midparent tassel branch numbers encom­
passed a range of values. Two crosses evaluated by Mock and 
Schuetz in 1974 were selected for further study. A257 x B75 
was selected because its mean value displayed lack of dominance, 
and B75 x HI9 was included because its mean was larger than either 
parent (Table 1). Reciprocal crosses involving BSSS-36 and BSSS-78 
(Table 2) were included in my study to provide information about 
reciprocal effects on inheritance of tassel branch number. 
I counted tassel branches of several inbreds and their F^'s that 
were growing in our 1974 breeding nursery. Based on these data, 
BSSS-101 x B75 and (M14 x C103)-1505 x B75 were selected for further 
study because, even though the female parent of each differed for 
tassel branch number, both displayed complete dominance for high 
branch number. Six crosses, therefore, were studied in detail: 
B75 X H19, which displayed overdominance to the large parent, BSSS-101 
X B75 and (M14 x C103)-1505 x B75, each of which showed complete 
dominance for high branch number, and A257 x B75, which displayed 
no dominance. Reciprocal effects were studied in BSSS-36 x BSSS-78 
and BSSS-78 x BSSS-36. 
Several F^ plants of each cross selected for detailed study 
were backcrossed to both parents to produce seed of the B^ and B^ 
generations. Eight to ten additional F^ plants were self-pollinated 
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to produce seed. Subsequently, the B^, B^, and F^ generations 
were grown and random plants from each were self-pollinated to 
give B^S, BgS, and F^ families, respectively. I attempted to 
sample variation from these generations adequately by self-pollina­
ting 200 plants from the F^ generations and 100 plants from each 
backcross. During pollination, tassel branch number was recorded 
for each F^ plant that was self-pollinated; and at maturity, seed 
was harvested from each plant. Selfing of B^, B^, and F^ plants 
for A257 x B75 and (M14 x C103)-1505 x B75 was conducted in winter 
nurseries in Puerto Rico; whereas that for BSSS-101 x B75, BSSS-36 x 
BSSS-78 and BSSS-78 x BSSS-36 was conducted in our Florida winter 
nursery. B^S, B^S, and F^ families for B75 x HI9 were produced in 
our 1975 breeding nursery at the Agronomy and Agricultural Engineering 
Research Center near Ames, Iowa. For each cross, therefore, nine 
generations were available for evaluation; i.e., two parental inbreds 
(arbitrarily designated and P^), F^, F^, B^, and B^ generations, 
plus varying numbers of F^, B^S, and B^S families (Table 4). 
B. Field Procedures 
The six crosses were evaluated in six separate experiments. 
Crosses A257 x B75, (Ml4 x C103)-1505 x B75, and BSSS-101 x B75 
were grown in three experiments in 1975, and B75 x HIS, BSSS-36 
X BSSS-78, and BSSS-78 x BSSS-36 were evaluated in three experiments 
during 1976. Because each cross was evaluated in one environment 
only, partitioning of genotype x environment interactions was not 
possible. Since Mock and Schuetz (1974) showed that: 1) genotype 
Table 4. Number of plants and families evaluated in experiments grown to determine 
inheritance of tassel branch number. 
Number of plants Number of families Total number 
Cross Pg Fg F^ B^S B^S of plants 
A257 X B75 45 41 57 225 102 115 184 75 92 19,272 
(M14 X C103)-1505 40 55 60 234 118 130 90 50 55 11,471 
X B75 
BSSS-101 X 58 48 68 225 125 123 207 93 127 24,751 
B75 
B75 X H19 55 48 60 238 116 116 200 100 100 23,574 
BSSS-36 X 5 58 55 246 118 112 187 100 100 22,749 
BSSS-78 
BSSS-78 X 52 54 63 234 121 128 184 89 89 21,056 
BSSS-36 
Grand total 255 304 363 1402 700 724 1052 507 563 122,603 
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X environment interaction for tassel branch number was relatively 
unimportant and, 2) different genotypes have different inheritance 
patterns for tassel branch number, I concluded that my most 
efficient use of resources would involve evaluating several crosses 
in single-environment experiments. 
For all experiments, the nine generations were planted in a 
randomized complete block design with two replications. Details 
about the experimental environments for each cross are presented 
in Table 5. Plots for parental inbreds and the generations 
contained two 17-plant rows (i.e., 34 plants with perfect stands). 
Plots for and contained four 17-plant rows (i.e., contained 
68 plants), and plots for the F^ generation consisted of eight 
rows or 136 total plants. Each F^, B^S, and B^S family was grown 
in a two-row plot containing a total of 34 plants. Mock and Schuetz 
(1974) grew F^ families in 64-plant plots, but evaluation of their 
data (Table 6) showed that only a small sampling bias was introduced 
by reducing the size of these plots to 32 plants. 
All plots were hand-planted and contained one plant per hill. 
Hills were spaced 25.4 cm apart. Missing hills occurred in some 
plots, but perusal of the data showed this did not affect tassel 
branch number of plants bordering them. 
As soon after pollen-shed as possible, tassel branch number 
was recorded for each plant bearing an intact tassel. All branches 
(including the central branch) that contained more than four 
spikelets were counted. 
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Table 5. Cultural data on experiments grown to determine inheritance 





width, cm per ha 
A257 X B75 









May 14, 1975 
May 6, 1975 
Agronomy 
Agronomy 








May 12, 1976 Atomic Energy 76.2 51,700 
May 20, 1976 Bruner Farm 102 38,700 
38,700 
^Agronomy = Agronomy and Agricultural Engineering Research Center, 
near Ames. 
Atomic Energy = Atomic Energy research field near Ames. 
Bruner Farm; located near Ames. 
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Table 6. Variances obtained when 64, 48, and 32 random plants 
were sampled from 36 families randomly selected from 
tassel branch number inheritance study (Mock and Schuetz, 
1974). 
Size of Total degrees Pooled within-plot 
sample of freedom variance 
64 2820 30.52 + 0.81 
48 1692 36.80 + 1.26 
32 1116 34.11 + 1.44 
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C. Statistical Methods 
Plot means from each experiment were used to obtain analyses 
of variance based on the following model: 
Y.. =m + R. +V. + e,. 
i j X 3 xj 
where : 
= observed value of the ijth plot, 
m = the overall experimental mean, 
= effect of the ith replication, i = 1, 2 
Vj = effect of the jth entry, j = 1, 2, n 
(values for n were different for each 
experiment), and 
e.. = experimental error associated with the 
1] 
ijth ploL. 
Individual analyses of variance of data from , B^S, and B2S 
families were conducted within each experiment. Eight nonorthogonal, 
single-degree-of-freedom comparisons were computed by the method of 
Steel and Torrie (1960). The resulting analysis of variance is 
generalized in Table 7. 
For each of the nine generations, means were calculated and 
utilized for estimating genetic effects as outlined by Gamble in 
1962. Genetic expectations for the means (using Gamble's notation) 
are presented in Table 8. Genetic effects were estimated ftom a 
complete model (i.e., including effects for F^ mean, additive 
and dominance gene action, and three types of first-order epistasis) 
and from a reduced three-factor model (i.e., including means plus 
33 
Table 7. Sources of variation and degrees of freedom for analysis 
of variance for tassel branch number. 
Source Degrees of freedom 
Reps 




Among B^S families 




B^S vs BgS 
^1 ®1' ^2 















= number of F^ families 
= number of B^S families 
Vg = number of B^S families. 
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Table 8. Genetic expectations for generation means evaluated. 
Generation 
mean Expec t at ion 
m + a - %d + aa - ad + h/id 
Pg m - a - î^d + aa + ad + Wd 
m + îfd + hàd 
Fg m 
m - ijd + l/16dd 
m + ^ a + Î2;aa 
Bg m - ha + haa 
Bj^S m + %a — !^d + ^ gaa - %ad + 1/16 dd 
BgS vi - ha - hd + ^ aa + )&ad + l/16dd 
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additive and dominance effects only). Epistatic effects were 
considered significant only if fitting data for the full model 
significantly reduced the residual mean square. In all cases, 
epistatic effects of the second order and higher were assumed to 
be nonsignificant. 
Individual plant data were used to calculate variances among 
^1' ^ 2' ^ l' ^ 2' ^ 1' ^2 Sums of squares for each 
parent and the generation were pooled and divided by appropriate 
pooled degrees of freedom to obtain an estimate of environmental 
error (E^). Individual plant data were used for estimating variances 
within Fg, B^S, and B^S families (designated ^B2S 
respectively). Estimates of variances among Fg, B^S, and B^S 
families (V=% V-^ë and V-=% respectively) and of experimental 
f j ) 15JLo 9 
errors among F^ families (Eg) and among B^S and B^S families (E^) 
were obtained from analyses of variance for plot means. Covariances 
for tassel branch numbers of F^ plants with the means of their F^ 
progenies (^p2/F3^ also were estimated for all crosses. Additive (D) 
and nonadditive (H) components of variance were estimated according 
to expectations presented by Mather (1949) and Hallauer (1965) 
(Table 9). 
Mather (1949) presented techniques for determining the presence 
of bias introduced into variance component estimates by linkage. 
If linkage is present, relative contributions of additive and dominance 
effects of each locus to the additive and dominance variances are 
different for the F^ and F^ generations. With two loci (e.g., A and B), 
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Table 9. Expectations of variances in terms of heritable and 
nonheritable components of variance. 
Variance Expectation 
+ E. 
V- hT) + 1/16H + E_ 
F3 2 
V %D 4- 1/8H + E 
3 ^ 
V_ +V^ hD +hn + 2E, 
Bi Bg 1 
Vg-g + Vgp + 1/8H 4-2E3 
Vg g JsD + 1/8H + E^ 
Vg g + 1/8H + E^ 
"F,/?, + 1/8B 
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the expectations of and 2Vpg are; 
Vpz = ^ t^a + ± 2(l-2p) d^d^] 
+ %[h^ + h^ + 2(l-2p)2 h^h^] 
21^3 = + 4^: ± 2(l-2p)2 6^4^] 
+ 3^[hJ + h^ + 2 (l-2p)2 (l-2p + 2pf) h^h^] 
where d^ = (AA - aa), = h (BB - bb) and 
h^ = Aa - (AA - aa), h^ = Bb - (BB - bb) 
p = frequency of recombination; i.e., 0 for complete 
linkage and 0.5 for random assortment. 
The sign of the coefficient of d^d^ is positive for coupling phase 
and negative for repulsion phase linkage. These expressions 
differ only in terms involving p; consequently, with no linkage 
(i.e., p = 0.5), the terms involving p equal zero and = 2%^^. 
A significant difference between estimates of and 2V^^, therefore, 
suggests that linkage is present. 
A second test for the presence of linkage that was also suggested 
by Mather in 1949 is based upon measurement of homogeneity of 
additive and dominance variance across Fg generations. My 
estimates of V— and ^p2/F3 contain the D and H components of 
the generation, but D and H of the F^ generation enter into only. 
If linkage is present, a perfect fit for V _ should significantly i? J 
reduce the sums of squares of deviations of the observed variances 
from their expected values. In practice, this test of linkage 
involves two estimates of D, H, and Eg. The first estimates are 
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obtained with the observed value for V _ included In the matrix f j 
and are known as inclusive estimates. A second set of values for 
these components is estimated with the observed value for 
excluded (exclusive estimates). Subsequently, the two sets of 
estimates for D, H, and are used to obtain two sets of expected 
values for ^^3 ^^3 ^f2/F3, ^ Perfect fit for is 
assumed when obtaining exclusive estimates; therefore, the exclusive 
value for V _ is assumed to equal the observed value for that 
parameter. Deviations of the observed values for 
^F2/F3 Eg from their expected inclusive and exclusive values 
are calculated, and if the sum of squares of deviations for exclusive 
estimates is significantly less than the sum of squares for inclusive 
estimates, linkage is present. Five variances (V^g ^F3' 
Wf2/f3 and Eg) are used in this procedure, therefore, five degrees 
of freedom are available. Three degrees of freedom are necessary 
for generating estimates of D, H, and Eg, and two degrees of freedom 
are available for the linkage test. 
I used three methods to estimate heritability for tassel branch 
number. The first was Warner's (1952) method which uses variance 
components to obtain a narrow-sense estimate of heritability on 
a single-plant basis. A broad-sense estimate of heritability on 
an F^-family-mean basis was obtained by using V-g as an estimate of 
2 Og. Additionally, heritability was estimated by a standard-unit 
regression of F^ family means on Fg parent plant values (Frey and 
Horner, 1957). 
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Minimum number of genetic factors affecting tassel branch number 
was estimated by two procedures; 1) The Castle-Wright formula 
(Sinnot et al., 1950), in which 
_ 9 
n = (P^ - Pg) 
and 2) a formula attributed to Sewall Wright by Burton (1951) in which 
n = [0.25(0.75 - h + h^) D^] 
^^F2 ~ ^ Fl^ 
where D = Pg - P^ and 
h = (Fi - P^) 
D 
The use of these formulas assumes: 1) there is no linkage between 
pertinent genes; 2) one parent carries only factors for large 
tassel branch number and the other parent carries only factors for 
small tassel branch number; 3) all genes have equal effects; 4) 
all dominant factors have the same degree of dominance; and 5) 
inter-locus interaction is not present. Furthermore, the Castle-
Wright formula stipulates that effects of all the genes must be 
additive. Violation of any of these assumptions results in an 
underestimation of the number of genetic factors. 
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IV. RESULTS AND DISCUSSION 
A. A257 X B75 
Mean numbers of tassel branches for both parents and the of 
A257 X B75 showed an absence of dominance (Tables 1 and 10). The 
mean for this cross was not greatly different from the midparent value, 
which accounts for the nonsignificant component of heterosis in the 
analysis of variance (Table 11). Data in Table 10 also showed non­
significant changes in mean numbers of tassel branches between and 
B^S, B^ and BgS, and F^ and F^, indicating a lack of inbreeding 
depression. This result corroborated the nonsignificant mean square 
for inbreeding in the analysis of variance presented in Table 11. 
These observations suggest additive gene action was most important in 
determining tassel branch number of A257 x B75. 
Genotypic variation for tassel branch number of this cross was 
highly significant [i.e., highly significant mean squares among F^, 
B^S, and B^S families, etc. (Table 11)]. 
Table 12 lists variances for generations from A257 x B75. 
Variance estimates for each generation were equated to their respective 
expectations (Table 9) by least squares procedures, and the resulting 
components of genetic variance are presented in Table 13. The 
estimation of additive genetic variance (D) was large and significant, 
but variance due to nonadditive effects (H) was not significantly 
different from zero. The estimate of environmental variance (E^) 
was smaller than that reported by Mock and Schuetz (1974); however. 
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Table 10. Numbers of plants evaluated and mean numbers of tassel 
branches for nine generations of A257 x B75. 
Numbers of Mean numbers of 
Generations plants tassel branches 
(A257) 45 20.98 + 0.70 
Pg (B75) 41 2.27 + 0.12 
^1 57 10.63 + 0.33 
^2 225 8.55 + 0.31 
^3 9750 8.44 + 0.22 
®1 102 15.60 + 0.52 
^2 115 4.96 + 0.17 
BiS 4070 14.71 + 0.50 
B^S 4867 5.19 + 0.22 
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Table 11. Analysis of variance for tassel branch number of A257 x B75 
Sources df MS 
Replications 
Among all entries 
Among families 
Among B^S families 
Among B^S families 
vs 
Fg vs F^ 
B^ vs B^ 
B^S vs BgS 
5*1 vs B^, Bg 


































C . V .  = 11.02% 
** 
Significant at 0.01 level of probability. 
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Table 12. Observed values of variances for generations evaluated 
for A257 x B75. 




VBl + 30-82 








Table 13. Estimates of variance components and standard errors 
obtained from the full matrix for tassel branch number 
of A257 X B75. 
Variance components Estimates 
D 26.76 + 1.86 
H -2.72 + 4.70 
E, 9.04 + 0.70 
1 — 
Eg 3.07 + 0.79 
E. 13.31 + 0.52 
Table 14. Goodness-of-fit of three- and six-factor generation mean 
analyses for tassel branch number of A257 x B75. 
Sources df SS MS 
Mean 1 926.79 926.79 
a,d 2 276.95 138.47 
aa, ad. dd 3 9.21 3.07 
Lack of fit 3 0.97 0.32 
F = 9.59* 
* 
Significant at 0.05 level of probability. 
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the estimate of was comparable to theirs. These variance components 
further demonstrated that the additive component was the predominant 
type of gene action controlling tassel branch number in this cross. 
The generation means presented in Table 10 also were equated to 
their respective expectations (Table 8) by least squares procedures. 
Both a three-factor model (involving mean, additive, and dominance 
effects) and a six-factor model (including effects of the three-factor 
model, plus additive x additive, additive x dominance, and dominance x 
dominance epistasis) were fit to the data. The fit for the six-factor 
model significantly reduced the residual mean square (Table 14). 
Estimates of genetic effects obtained with this model are shown in 
Table 15, and these results also suggested a preponderance of additive 
gene action for tassel branch number of A257 x B75 (i.e., a = 10.46 + 
1.25 and d = 2.59 + 1.95). Some epistatic effects must be important, 
however, because the six-factor model provided a better fit for the 
data than did the three-factor model. The additive x additive effects 
(aa) for this cross were nearly significant. 
The estimate of 2Vpg (26.02 + 0.19) was not significantly different 
from the estimate of (21.69 + 2.04). Inclusive and exclusive 
estimates of D, H, and E^ were obtained (Table 16) from obseirved 
values for (inclusive estimates only), V-^, ^ ^2/73* ^2' 
These estimates were then substituted into equations for expectations 
of the appropriate variances (Table 9), and inclusive and exclusive 
expectations were calculated (Table 17). Sums of squares for 
deviations of observed from expected values (Table 17) were used to 
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Table 15. Genetic effects estimated from six-factor generation mean 
analysis for tassel branch number of A257 x B75. 
Effects Estimates 
m 9.24 + 0,47 
a 10.46 + 1.25 
d 2.59 + 1.95 
aa 3.80 + 1.92 
ad 1.14 + 1.49 
dd 0.04 + 4.69 
Table 16. Inclusive and exclusive variance component estimates for 
testing presence of linkage among genetic factors controlling 
tassel branch number of A257 x B75. 
Estimates 
Variance components Inclusive Exclusive 
D 7.70 + 2.94 9.35 + 2.99 
H 67.13 + 7.87 58.76 + 8.35 
E„ 5.65 + 0.87 5.50 + 0.87 
2 — — 
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test for linkage (Table 18) and indicated that the change in D and H 
between the and generations was not of sufficient magnitude to 
conclusively prove the presence of linkage. Clearly, genetic factors 
controlling tassel branch number in A257 x B75 were not linked. 
Estimates of heritability for tassel branch number of A257 x B75 
were relatively high. Narrow-sense heritability on a single-plant 
basis was 0.60, the estimate obtained by standard-unit regression was 
0.65, and broad-sense heritability estimated on an F^-family-mean 
basis was 0.95. 
Both the Castle-Wright formula and that proposed by Sewall Wright 
estimated a minimum of 2.83 genetic factors controlled tassel branch 
number of A257 x B75. The Castle-Wright formula assumes all genes are 
additive in effect, but Sewall Weight's formula does not. A violation 
of this assumption would cause the Castle-Wright formula to under­
estimate the number of genetic factors involved. Since both methods 
gave identical results, this suggested that the assumption of additive 
effects was not violated. 
B. (M14 X C103)-1505 x B75 
Tassel branch numbers of (M14 x C103)-1505 and B75 were 
significantly different (Tables 19 and 20). Means for generations 
produced from (Ml4 x C103)-1505 x B75 showed that tassel branch 
numbers of the F^^ were larger than that of either of the two parents. 
Mean tassel branch number decreased significantly from F^ to F^ and 
from Fg to F^ (Table 19). Additionally, there was a significant 
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Table 17. Observed and expected values of variances associated with 
tassel branch number of certain generations of A257 x B75, 
and deviations of observed from expected values. 
Observed Expectations Deviations 
Variances values Inclusive Exclusive Inclusive Exclusive 
Vp2 21.69 20.63 19.37 1.06 2.32 
Vp3 18.50 13.70 13.85 4.80 4.65 
13.01 10.32 13.01 2.69 0.00 
Mp2/F3 5.04 12.24 7.35 -7.20 -2.31 
Eg 0.85 5.65 5.50 -4.80 -4.65 
Sum of squares 106.28 53.96 
Table 18. Test for presence of linkage among genetic factors 
controlling tassel branch number of A257 x B75. 
Sources df SS MS 
Linkage 1 52.32 52.32 
Remainder 1 53.96 53.96 
Total 2 106.28 
F = 0.97* 
*Not significant at 0.05 level of probability. 
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Table 19. Number of plants evaluated and mean numbers of tassel 
branches for nine generations of (M14 x C103)-1505 x 
B75. 
Numbers of Mean numbers of 
Generations plants tassel branches 
[(M14 X C103)-1505] 40 5.69 + 0.19 
P_ (B75) 55 2.35 + 0.11 
/ — 
60 7.62 + 0.24 
1 — 
F„ 234 5.26 + 0.14 
2 — 
F„ 4868 4.55 + 0.11 3 — 
B, 118 7.07 + 0.23 
1 — 
Bg 130 4.59 + 0.16 
B^S 2690 5.74 + 0.13 
B2S 3080 3.98 + 0.09 
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Table 20. Analysis of variance for tassel branch number of (M14 x C103) 
-1505 X B75. 
Sources df MS 
Replications 
Among all entries 
Among families 
Among B^S families 
Among BgS families 
Pi VS P; 
^2 ^3 
®1 ^2 
B^S vs B^S 
vs 




































Significant at 0.01 level of probability. 
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decrease in tassel branch number from to B^S and from B^ to B^S. 
The heterosis and inbreeding components in the analysis of variance 
(Table 20) were highly significant, suggesting nonadditive gene action 
influenced tassel branch number of this cross. 
Observed values of variances are presented in Table 21, and two 
observations are noteworthy. The relative magnitude of is greater 
for (M14 X C103)-1505 x B75 than for other crosses evaluated in this 
study, suggesting the environment had a greater influence on tassel 
branch number of this cross. Additionally, variance among families 
produced by selfing backcross plants CVgj- + is considerably 
less than the variance among backcross plants • For other 
crosses in my study, Vgjg + was greater than, or slightly less 
than + Vgg. Possibly, the genes controlling tassel branch number 
in this cross were sufficiently few that one generation of selfing 
resulted in considerable fixation of alleles. 
Estimates of variance components (Table 22) also suggested that 
nonadditive gene action predominated in this cross; i.e., variance due 
to nonadditive effects was significant but additive genetic variance 
was not. Furthermore, the difference between (V^^ + V^^) and 
was 5.32 (Table 21). Since this latter value is an estimate of 1/4 H, 
H was equal to 21.28, which suggests the presence of nonadditive gene 
action. 
Both three- and six-factor models were equated to the generation 
means shown in Table 19. Inclusion of epistatic effects (i.e., the 
six-factor model) significantly reduced the residual mean square 
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Table 21. Observed values of variances for generations evaluated for 
(M14 X C103)-1505 x B75. 




^B1 + ^ B2 9.71 








Table 22. Estimates of variance components and standard errors obtained 
from the full matrix for tassel branch number of (Ml4 x C103)-
1505 X B75. 
Variance components Estimates 
D -1.11 + 0.66 
H 6.93 + 0.93 
E, 2.70 + 0.16 
1 — 
Eg -0.70 + 0.30 
E. 0.92 + 0.18 




three- and six-factor 
branch number of (M14 
generation mean 
X C103)-1505 X B75. 
Source df SS MS 
Mean 1 243.91 243.91 
a, d 2 14.31 7.15 
aa, ad, dd 3 5.76 1.92 
Lack of fit 3 0.22 0.07 
F = : 27.43* 
* 
Significant at 0.05 level of probability. 
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(Table 23). Results of analysis using the six-factor model, therefore, 
are presented in Table 24. Both additive and dominance effects were 
significant, but the magnitude of dominance effects was larger. 
Additive x dominance epistatic effects were small, but significant. 
Using the midparent value as a cut-off point, individual 
plant values demonstrated a 9:7 ratio. I observed 131 plants with 
tassels larger and 103 with tassels smaller than the midparent value. 
The expected 9:7 ratio would be 131.625:102.375 (x^ = 0.007, P>0.90). 
Complementary gene action between two major genes probably is present 
in this cross. 
The segregating genes controlling tassel branch number in (M14 x 
C103)-1505 X B75 were not linked. Estimates of and 2Vp2 (4.39 + 
0.40 and 4.14 + 0.22, respectively) were not significantly different. 
Furthermore, tests involving inclusive and exclusive estimates of 
variance components did not detect significant linkage in this cross 
(Tables 25, 26, and 27). 
Narrow-sense heritability calculated on a single-plant basis was 
zero, and heritability estimated by standard-unit regression was 0.31. 
In contrast, broad-sense heritability, estimated on an F^-family 
basis, was 0.94. These estimates further substantiate the presence 
of nonadditive gene action. 
Different estimates of minimum number of genetic factors 
segregating in (M14 x C103)-1505 x B75 were obtained by the Castle-
Wright and Sewall Wright's formulae. The Castle-Wright formula 
estimated 1.48 genes were segregating, but the Sewall Wright formula 
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Table 24. Genetic effects estimated from six-factor generation mean 
analysis for tassel branch number of (M14 x C103)-1505 x B75. 
Effects Estimates 
m 5.61 + 0.16 
a 2.36 + 0.41 
d 4.12 + 0.64 
aa 0.61+0.63 
ad 0.72 + 0.49 
dd -0.35 + 1.54 
Table 25. Inclusive and exclusive variance component estimates for 
testing presence of linkage among genetic factors controlling 
tassel branch number of (M14 x C103)-1505 x B75. 
Estimates 
Variance components Inclusive Exclusive 
D 3.46 + 0.74 3.03 + 0.75 
H 2.60+1.13 2.73+1.14 
Eg -0.49 + 0.32 -0.42 + 0.32 
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Table 26. Observed and expected values of variances associated with 
tassel branch number of certain generations of (Ml4 x C103)-
1505 X B75 and deviations of observed from expected values. 
Observed Expectations Deviations 
Variances values Inclusive Exclusive Inclusive Exclusive 
Vp2 4.39 2.38 2.20 2.01 2.19 
V-^ 2.25 1.89 1.69 0.36 0.56 
Vpg 2.07 1.20 2.07 0.87 0.00 
Wp2/F3 0.21 2.06 1.86 -1.85 -1.65 
Eg 0.13 0.00 0.00 0.13 0.13 
Sum of Squares 8.37 7.85 
Table 27. Test for presence of linkage among genetic factors controlling 
tassel branch number of (M14 x C103)-1505 x B75. 
Sources df SS MS 
Linkage 1 0.52 0.52 
Remainder 1 7.85 7.85 
Total 2 8.37 
F = 0.07^ 
^ot significant at 0.05 level of probability. 
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showed a minimum of 4.93 genetic factors were involved. Since the 
Castle-Wright formula assumes all genes are additive; it probably 
underestimated the minimum number of genetic factors controlling 
tassel branch number of this cross. Likely, 4.93 is a better estimate. 
C. BSSS-101 X B75 
BSSS-101 and B75 were significantly different for tassel branch 
number (Table 28), and variances among entries were highly significant 
(Table 29). The mean for this cross (Table 28) was not 
significantly different from the midparent value of 9.36, and the 
heterosis component was not significant (Table 29). If one considers 
only these data, additive gene action was most important. The 
mean, however, was nearly twice as large as the mean of the F^ and 
was larger than BSSS-101, the parent with high tassel branch number 
(Table 28). Consequently, the inbreeding component of the analysis 
of variance was highly significant. The F^ mean was not significantly 
different than the F^ mean. A significant decrease in tassel branch 
number was observed between B^ and BgS, but selfing B^ to produce B^S 
families resulted in a significant increase in mean tassel branch 
number. This increase was similar to that observed for the F^ and 
F^ generations. Epistatic gene action probably was important in this 
cross. Because the unexpected increase in tassel branch number was 
obtained when B^, but not B^, was selfed, alleles responsible for this 
type of gene action likely were inherited from BSSS-101. Additionally, 
B75 was a parent for several other crosses in my study, but significant 
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Table 28. Number of plants evaluated and mean numbers of tassel 
branches for nine generations of BSSS-101 x B75. 
Numbers of Means numbers of 
Generations plants tassel branches 
(BSSS-101) 58 16.54 + 0.31 
Pg (B75) 48 2.15 + 0.11 
68 9.86 + 0.29 
Fg 225 18.91+0.43 
F^ 11,573 18.06 + 0.35 
B^ 125 16.26+0.32 
Bg 123 9.R7+0.27 
B^S 5389 18.31+0.35 
BgS 7269 8.83 + 0.18 
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Table 29. Analysis of variance for tassel branch number of BSSS-101 
X B75. 
Source df MS 
Replications 
Among all entries 
Among families 
Among Bj^S families 
Among BgS families 
Pi VS P; 
Fj VS P3 
h VS 
B^S VS BgS 
Fi VS Bg 


































C.V. = 6.00% 
* ** 
' Significant at 0.05 and 0.01 levels of probability, respectively. 
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increases in mean tassel branch number between and and and 
B^S were observed only in its cross with BSSS-101. The B^ mean was 
not significantly different from the mean of P^, the parent with high 
tassel branch number. The mean for B^, however, was equal to the F^ 
mean. Evidently, there were genes present in generations other than 
the F^ which increased tassel branch number above values expected if 
only additive gene action were important. Later in my discussion, I 
will propose a model to explain observed values presented in Table 28. 
Variances for various generations from BSSS-101 x B75 are 
presented in Table 30. Error variances were smaller than genetic 
variances indicating that most of the variability observed for this 
cross was a function of different genotypes. 
Variance-component estimated given in Table 31 probably were 
biased by the presence of epistasis; therefore, a significant, negative 
variance was obtained for the nonadditive genetic effects. Bias due 
to epistasis is demonstrated further by the fact that V^^ + V^g 
(i.e., 1/2 D + 1/2 H) is smaller than (i.e., 1/2 D + 1/4 H) 
(Table 30). This also resulted in a negative estimate of H. 
Fitting the six-factor model for the generation mean analysis 
(i.e., including epistatic effects) did not significantly reduce the 
component for lack of fit (Table 32). However, since other data 
suggest the presence of epistasis for tassel branch number of this 
cross, genetic effects estimated from both the three-factor (Table 33) 
and six-factor (Table 34) generation mean analyses will be discussed. 
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Table 30. Observed values of variances for generations evaluated 
for BSSS-101 X B75. 




^Bl + VB2 21-46 








Table 31. Estimates of variance components and standard errors 
obtained from the full matrix for tassel branch number 
of BSSS-101 X B75. 
Variance components Estimates 
D 77.65 + 1.74 
H -56.22 + 4.37 
E, 5.87 + 0.65 
1 — 
8.99 + 0.74 
E„ -0.21 + 0.48 
Table 32. Goodness-of-fit of three- and six-factor generation mean 
analyses for tassel branch number of BSSS-101 x B75. 
Sources df SS MS 
Mean 
a, d 
aa, ad, dd 









F = 2.86 
Not significant at 0.05 level of probability. 
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Estimates of genetic effects obtained with these two models were 
greatly different. Only additive gene effects were significant with 
the three-factor model. All effects, except dominance x dominance 
epistasis (dd), however, were significant for the six-factor model. 
With this model, all estimates but m were negative. Additionally, 
effects estimated by the six-factor model gave expected values for 
generation means that agreed more closely with observed values than 
did those obtained with the three-factor model (Table 35). 
Estimates of (40.87 + 3.84) and 27^^ (33.96 + 1.18) were not 
significantly different. Likewise, variance components estimated from 
inclusive and exclusive matrices were not significantly different 
(Table 36), and inclusive and exclusive expectations of variances 
were similar (Table 37). Consequently, the F-test for linkage 
(Table 38) was not significant, suggesting genes controlling tassel 
branch number of BSSS-101 x B75 segregated independently. 
Heritability estimates obtained for tassel branch number of 
BSSS-101 X B75 were relatively large. Narrow-sense heritability 
estimated on a single-plant basis was 1.27, a consequence of the 
negative estimate of H (Table 31). Heritability estimated by the 
standard-unit regression procedure was 0.77; whereas, broad-sense 
heritability on an F^-family basis was 0.98. The latter value is 
similar to those obtained for A257 x B75 (i.e., 0.95), and 
(M14 X C103)-1505 x B75 (i.e., 0.94). 
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Table 33. Genetic effects estimated from three-factor generation 
mean analysis for tassel branch number of BSSS-101 x B75. 
Effects Estimates 
m 13.34 + 0.34 
a 5.31 + 0.53 
d 1.02 + 1.05 
Table 34. Genetic effects estimated from six-factor generation mean 
analysis for tassel branch number of BSSS-101 x B75. 
Effects Estimates 
m 15.93 + 0.44 
a -2.92 + 1.17 
d -8.26 + 1.82 
aa —9.64 + 1.78 
ad -10.98 + 1.39 
dd -6.36 + 4.36 
Table 35. Expectations of generation means obtained with three- and six-factor generation mean 


























































Table 36. Inclusive and exclusive variance component estimates for 
testing presence of linkage among genetic factors controlling 
tassel branch number of BSSS-101 x B75. 
Estimates 
Variance components Inclusive Exclusive 
D 60.66 + 2.73 60.16 + 2.78 
H 21.09+7.31 23.64+7.76 
10.82 + 0.81 10.86 + 0.81 
Table 37. Observed and expected values of variances associated with 
tassel branch number of certain generations of BSSS-101 x 
B75 and deviations of observed from expected values. 
Observed Expectations Deviations 
Variances values Inclusive Exclusive Inclusive Exclusive 
Vp2 40.87 35.60 35.99 5.27 4.88 
V-_ 52.18 42.47 42.42 9.71 9.76 
F3 
Vp2 16.98 17.81 16.98 -0.83 0.00 
Wp2/F3 18.39 32.97 33.04 -14.58 -14.65 
Eg 1.10 10.82 10.86 9.72 -9.76 
Sum of squares 429.80 428.95 
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Both the Castle-Wright and Sewall Wright methods estimated a 
minimum of 0.74 genetic factors controlled tassel branch number of 
BSSS-101 X B75. Other evidence, however, strongly suggests the 
presence of epistasis, a condition which requires involvement of 
more than one locus. Because both methods assume absence of inter-
locus interaction, these estimates probably are invalid. 
A model involving five loci is necessary to explain partially 
the data in Table 28. The five loci will be designated A, B, C, X, 
and Y. A and B act additively so the substitution of A for a or B 
for b produces an increase of four tassel branches. For example, 
Aabb or aaBb (i.e., genotypes with one dominant allele at either 
locus) would have five branches, AaBb or AAbb (genotypes with two 
dominant alleles) would have nine branches, genotypes AaBB or AABb 
would contain 13 branches, and AABB would be characterized by 17 
tassel branches. Tassels of the double recessive genotype (aabb) 
would have only one branch. Locus C displays complete dominance; 
therefore, substituting CC or Cc for cc would add two tassel branches 
to the genotypic value determined by the genes at the A and B loci. 
Loci X and Y would interact with the C and B loci, respectively. 
Any genotype, therefore, that contains the combination Xxcc or XXcc 
would have ten more tassel branches than genotypes that lack these 
combinations of loci. For example, tassels of Aabbccxx plants would 
have five branches, but tassels on plants of the AabbccXx genotype 
would have 15 branches because X and c would be interacting. If a 
dominant allele were present at the C locus, no interlocus interaction 
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would occur. Interaction between genes at the B and Y loci would 
differ depending upon the number of Y alleles present in the genotype. 
No interaction would occur if the genotype were bbyy. The bbYy 
combination would increase tassel branch number by 12, and the bbYY 
combination would add 16 branches to the number determined by the 
A, C, and X loci. For example, a plant with the genotype, Aabbyy, 
would have five tassel branches, one with the AabbYy genotype would 
have 17, and an AabbYY plant would produce tassels with 21 branches. 
Presence of a dominant allele at the B locus, however, would negate 
this interaction. 
Results in Table 39 were obtained by using this model and 
demonstrated that observed and expected means were similar. If B75 
contained the aabbCCXXyy genotype, it should have three tassel 
branches (one contributed by aabb, and two by CC). The model pre­
dicted that BSSS-101 should have 17 tassel branches, all from the A 
and B loci. The predicted mean for the was 11 branches; i.e.y 
nine being contributed by the two dominant alleles at the A anH B 
loci and the remaining two resulting from the Cc genotype. Means of 
the F^, Pg, and F^ generations probably reflect a majority of additive 
gene action. My model is consistent with this observation because 
no epistatic interactions occur in these three generations. 
Expected values for the B^, B^, and F^ generations are means of 
several genotypes. The expected and observed means for B^ and 
were similar, but the model underestimated mean tassel branch number 
of the Fg. The observed minimum and maximum tassel branch numbers 
in the Fg generation were two and 36. A plant with the genotype 
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Table 38. Test for presence of linkage among genetic factors controlling 
tassel branch number of BSSS-101 x B75. 
Sources df SS MS 
Linkage 1 0.85 0.85 
Remainder 1 428.95 428.95 
Total 2 429.80 
F = 0.002® 
^ot significant at 0.05 level of probability. 
Table 39. Observed and expected means obtained with a five-locus 
model for genetics of tassel branch number of BSSS-101 
X B75. 
Means 
Generations Genotypes Observed Expected 
BSSS-101 (P^) AABBccxxYY 16.54+0.31 17.0 
B75 (Pg) aabbCCXXyy 2.15+0.11 3.0 
AaBbCcXxYy 9.86 + 0.29 11.0 
B^ several 16.26+0.32 15.4 
Bg several 9.87+0.27 9.1 
Fg several 18.91 + 0.43 13.3 
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aabbCcxxyy would have three tassel branches; whereas, the genotype, 
AAbbccXxYY would have 35 branches (i.e., nine resulting from AA, 
16 from the interaction of bb and YY and 10 from the interaction 
of cc and Xx). Both these genotypes could be obtained in the Fg if, 
as evidence suggests, the loci assorted independently. My proposed 
model, therefore, adequately explained the observed range of plants. 
D. B75 X H19 
Generation means for B75 x H19 are presented in Table 40. The 
F^ mean for this cross was larger than that for either parent; 
consequently, the heterosis component in the analysis of variance was 
significant (Table 41). Mean tassel branch number decreased from F^ 
to Fg, and B^ to BgS. Neither Fg and F^ nor B^ and B^S, however, 
differed significantly, so inbreeding depression was not significant 
in the analysis of variance (Table 41). If heterosis for this cross 
had been caused by dominance or overdominance types of epistasis, I 
would have expected more inbreeding depression than I observed. In 
the absence of epistasis, the value of the F^ mean should be midway 
between F^ mean and the midparent value. The predicted value of the 
Fg mean, assuming no epistasis, was 5.60, the observed value was 
5.54 + 0.15. Obviously, epistasis was not controlling tassel branch 
number of this cross. The only feasible explanation for the 
heterosis observed for B75 x HIS, therefore, is transgressive segrega­
tion, which suggests B75 and H19 possess recessive alleles at different 
loci. 
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Table 40. Numbers of plants evaluated and mean numbers of tassel 
branches for ten generations of B75 x H19. 
Numbers of Mean numbers of 
Generations plants tassel branches 
(B75) 55 2.38 + 0.11 
Pg (H19) 48 5.33 + 0.33 
(B75 X H19) 60 7.35 + 0.18 
H19 X B75 61 7.74 + 0.21 
238 5.54 + 0.15 
F^ 10,683 5.49+0.11 
B  ^ 116 4.21 + 0.17 
Bg 116 7.13 + 0.23 
B,S 6615 4.43 + 0.10 
1 — 
B„S 5643 6.47 + 0.14 
z — 
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Table 41. Analysis of variance for tassel branch number of B75 x H19. 
Sources df MS 
Replications 1 0.24 
Among all entries 406 4.94** 
Among entries 199 4.75** 
Among B^S entries 99 1.96** 
Among BgS entries 99 4.12** 
vs Pg 1 2.18** 
Fg vs F^ 1 0.00 
B^vs B^ 1 2.13** 
B^S vs BgS 1 1.04* 
F^ vs Bg 1 0.94 
F^ vs B^S, BgS 1 0.82 
Heterosis 1 4.07** 
(B75 X H19) vs (H19 x B75) 1 0.02 
Error 405 0.25 
Total 812 
C.V. = 9.11% 
* ** 
' Significant at 0.05, 0.01 level of probability, respectively. 
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Reciprocal F^'s of this cross were studied and their mean tassel 
branch numbers were not different (Tables 40 and 41). 
The difference between (3.23) and (6.01) was nearly as 
large as V_,, suggesting the presence of dominance. Estimates of 
variance components from the cross (Table 43), however, indicated 
additive gene action predominated (i.e., estimate of H was not 
significant, but that for D was). Error variance components were 
smaller than those obtained for A257 x B75 and BSSS-101 x B75, but 
similar to those for (M14 x C103)-1505 x B75. 
Both three- and six-factor generation mean analyses were per­
formed, and data in Table 44 show that the six-factor analysis did 
not significantly reduce the residual mean square. Evidently, 
epistasis was not important. My previous comparison of mean and 
midparent values corroborated this conclusion. 
Results from the three-factor analysis are presented in Table 
45, and both additive and dominance effects were significant. Later, 
I will discuss a model with additive and dominance effects that 
explains the heterosis I observed for this cross. 
Evidence suggested factors controlling tassel branch number in 
B75 X H19 were linked. Values for (9.62 + 0.07) and (5.72 + 
0.52) were significantly different, indicating the frequency of 
recombination was less than 0.5. Inclusive and exclusive estimates of 
D and H varied greatly (Table 46). The additive component of variance 
was significant when was excluded from the matrix, but the 
inclusive estimate was not significant. Inclusive and exclusive 
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Table 42. Observed values of variances for generations evaluated 
for B75 X H19. 
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Table 43. Estimates of variance components and standard errors obtained 
from the full matrix for tassel branch number of B75 x H19. 
Variance components Estimates 
D 6.63 + 0.95 
H 0.11 + 2.38 
2.85 + 0.36 
1 
E. 0.83 + 0.40 2 
E_ 1.16 + 0.26 3 
Table 44. Goodness-of-fit of three- and six-factor generation mean 
analyses for tassel branch number of B75 x H19. 
Sources df SS MS 
Mean 1 259.53 259.53 
a, d 2 17.59 8.80 
aa, ad, dd 3 1.52 0.51 
Lack of fit 3 0.33 0.11 
F = 4.64^ 
^ot significant at 0.05 level of probability. 
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Table 45. Genetic effects estimated from three-factor generation 
mean analysis for tassel branch number of B75 x H19. 
Effects Estimates 
m 5.81 + 0.19 
a -1.81 + 0.29 
d 3.19 + 0.57 
Table 46. Inclusive and exclusive variance component estimates for 
testing presence of linkage among genetic factors controlling 
tassel branch number of B75 x H19. 
Estimates 
Variance components Inclusive Exclusive 
D 2.87+1.49 3.94+1.51 
H 18.72+3.98 13.28+4.22 
E^ 1.19 + 0.44 1.09 + 0.44 
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expectations of variances showed nearly a twofold fluctuation in 
values (Table 47). The statistical test for linkage (Table 48) 
was not significant, but this is the only cross I evaluated in which 
the linkage mean square was larger than the remainder mean square. 
Heritability estimates for B75 x HI9 were similar to those 
reported for other crosses I evaluated. Narrow-sense heritability, 
estimated on a single-plant basis, was 0.54; and heritability estimated 
by standard-unit regression was 0.59. Broad-sense heritability, 
estimated on an F^-family basis, was 0.95. The difference between 
narrow-sense and broad-sense heritability estimates suggested that 
some nonadditive gene action was important in this cross. Results of 
the generation mean analysis demonstrated this difference was due to 
dominance effects. 
The Castle-Wright formula and Sewall Wright's method estimated 
minimum numbers of genetic factors segregating in this cross to be 
0.29 and 0.30, respectively. Probably, these represent underestimates, 
since linkage bias was detected. 
Mather (1949) described a method for computing the number of 
effective-factors in the presence of linkage. His method involves 
computation of the "fall ratio"; i.e., the decline in D and H between 
the Fg and generations. In Fg, D + 1/2 H can be calculated from 
exclusive estimates presented in Table 46; i.e., 3.94 + 1/2 (13.28) 
= 10.58. The magnitude of D + 1/2 H in the generation can be 
estimated from the formula 4(Vp^ - E^), or 4(4.81 - 2.48) = 9.32 
(Table 42). The "fall ratio", therefore, would be: 
78 
Table 47. Observed and expected values of variances associated with 
tassel branch number of certain generations of B75 x H19 
and deviations of observed from expected values. 
Observed Expectations Deviations 






















Sum of squares 
1.04 
2.39 










Table 48. Test for presence of linkage among genetic factors controlling 
tassel branch number of B75 x H19. 
Sources df SS MS 
Linkage 1 8.27 8.27 
Remainder 1 5.54 5.54 
Total 2 13.81 
F = 1.49^ 
^Not significant at 0.05 level of probability. 
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(10.58 - 9.32) = 0.11. 
10.58 
According to Mather (1949), a maximal fall ratio of 0.17 is obtained 
with a recombination frequency of 0.3 and two effective factors. 
My data suggest that at least two segregating factors with 
primarily additive and dominance gene action controlled tassel branch 
number in B75 x H19. These observations may be incorporated into a 
simple model which explains the heterosis present in the cross. Table 
49 presents observed and expected values for several generations of 
B75 and H19, assuming two loci (e.g., A and B) with complete dominance 
and additive gene action between them. Furthermore, in this model, 
locus A codes for formation of five tassel branches and locus B 
codes for two. Observed and expected values in Table 49 were not 
different statistically; therefore, the proposed model adequately 
explains the observed results. 
E. BSSS-36 X BSSS-78 
Tables 50 and 51 present generation means and analysis of 
variance, respectively, for BSSS-36 x BSSS-78. The component for 
vs Pg in the analysis of variance was not significant, suggesting 
tassel branch numbers of BSSS-36 and BSSS-78 were identical. If, 
however, BSSS-36 and BSSS-78 possessed identical loci for tassel branch 
number, the variance among entries should not have been significant 
(Table 51). Likely, the nonsignificance of P^ vs P^ was due to lack 
of precision in estimating P^ (BSSS-36). Because of poor emergence, 
only five plants of BSSS-36 were available for estimating the P^ mean; 
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Table 49. Observed and expected means obtained with a two-locus model 
for genetics of tassel branch number of B75 x H19. 
Means 
Generation Genotype Observed Expected 
B75 (P^) aa BB 2.38 + 0.11 2.0 
H19 (P„) AA bb 5.33+0.33 5.0 
z — 
F, Aa Bb 7.35 + 0.18 7.0 
1 — 
F Several 5.54 +0.15 5.25 
z — 
B Several 4.21+0.17 4.5 
1 — 
B„ Several 7.13+0.23 6.0 
2 — 
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Table 50. Numbers of plants evaluated and mean numbers of tassel 
branches for nine generations of BSSS-36 x BSSS-78. 
Numbers of Mean numbers of 
Generations plants tassel branches 
(BSSS-36) 5 12.80+1.98 
Pg (BSSS-78) 58 14.95 + 0.37 
55 17.69 + 0.43 
F_ 245 17.19 + 0.28 
Fg 10,630 15.93 + 0.22 
118 17.70+0.41 
112 18.35 + 0.34 
z — 
B^S 5789 16.54 + 0.21 
1 — 
B-S 5736 15.69 + 0.24 
z — 
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Table 51. Analysis of variance for tassel branch number of 
BSSS-36 X BSSS-78. 
Sources df MS 
Replications 
Among all entries 
Among entires 
Among B^S entries 




B^S vs B^S 
Fi vs 



































* _ * *  
' Significant at 0.05, 0.01 levels of probability, respectively. 
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therefore, the standard error of this estimate was large (Table 50). 
The mean for this cross was larger than the high parent 
(Table 50), and significant heterosis was detected (Table 51). There 
was no significant difference, however, between and F^ or between 
and B~S (Table 50). Neither the vs F^ nor the inbreeding 
component in the analysis of variance was significant. Evidently, 
genetics of tassel branch number for this cross was similar to that 
for B75 X H19; i.e., heterosis was significant but inbreeding depres­
sion was not. Compton's model—'', in which additive x additive 
epistasls accounts for heterosis but not inbreeding depression, can 
be applied to this cross. For B75 x H19, the F2 mean was not 
significantly different from a value halfway between the F^ mean and 
midparent value (i.e., 15.77). Compton's model will be discussed 
relative to the data in Table 50 later in my discussion. 
Observed values of variances for BSSS-36 x BSSS-78 are presented 
in Table 52. Error variances were similar to those observed for A257 
X B75 and BSSS-101 x B75. The difference between (V^^ + and 
V„_ was 13.37, which is an estimate of 1/4 H. Evidently, nonadditive 
rZ 
gene action was important. 
— Compton, W. A. 1977. Heterosis and additive x additive epistasis. 
Personal communication. 
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Table 52. Observed values of variances for generations evaluated for 
BSSS-36 X BSSS-78. 




?B1 + 33-14 








Estimates of variance components presented in Table 53 indicated 
that both additive and nonadditive variances were significant for this 
cross. The estimate of additive variance, however, was larger 
than the estimate for the nonadditive component. 
Data in Table 50 were used in three- and six-factor generation 
mean analyses. Fitting the six-factor model provided no significant 
decrease in the residual mean square (Table 54), suggesting a lack 
of epistatic gene action. Only dominance effects were significant 
for the three-factor analysis (Table 55). 
I found no evidence that the genetic factors controlling tassel 
branch number in BSSS-36 x BSSS-78 were linked. Estimates of 2Vp^ 
and Vp2 (22.54 + 0.16 and 19.77 + 1.78, respectively) were not 
different significantly. Furthermore, inclusive and exclusive 
estimates of D, H, and (Table 56) and inclusive and exclusive 
estimates of variances (Table 57) were not different. The test for 
linkage was not significant (Table 58). 
Heritability estimates for tassel branch number of BSSS-36 x 
BSSS-78 were consistent with those obtained for other crosses in my 
study. Narrow-sense heritability estimated on a single-plant basis 
was 0 56, and a value of 0.71 was obtained with the standard-unit 
regression procedure. Broad-sense heritability was 0.93 when 
estimated on an F^-family basis. The difference between narrow-
sense and broad-sense heritability estimates Indicated nonadditive 
gene action was functioning in this cross. 
Estimates of minimum numbers of genetic factors segregating 
in this cross were 0.08 and 0.38 obtained by the Castle-Wright and 
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Table 53. Estimates of variance components and standard errors obtained 
from the full matrix for tassel branch number of BSSS-36 x 
BSSS-78. 
Variance components Estimates 
D 23.81 + 2.00 
H 15.12 + 5.04 
E, 5.74 + 0.75 
1 — 
Eg 3.32 + 0.84 
E, 3.02 + 0.55 
Table 54. Goodness-of-fit of three- and six-factor generation mean 
analyses for tassel branch number of BSSS-36 x BSSS-78. 
Sources df SS MS 
Mean 1 2395.77 2395.77 
a, d 2 15.87 7.93 
aa, ad. dd 3 6.30 2.10 
Lack of fit 3 1.36 0.45 
F = 4.67* 
^ot significant at 0.05 level of probability. 
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Table 55. Genetic effects estimated from three-factor generation 
mean analysis for tassel branch number of BSSS-36 x BSSS-78. 
Effects Estimates 
m 16.92 + 0.39 
a 0.68 + 0.61 
d 4.35 + 0.21 
Table 56. Inclusive and exclusive variance component estimates for 
testing presence of linkage among genetic factors controlling 
tassel branch number of BSSS-36 x BSSS-78. 
Estimates 
Variance components Inclusive Exclusive 
D 23.72+3.15 24.59+3.20 
H 31.28+8.43 26.84+8.94 
E_ 2.84 + 0.93 2.76 + 0.93 
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Table 57. Observed and expected values for variances associated with 
tassel branch numbers of certain generations of BSSS-36 x 
BSSS-78 and deviations of observed from expected values. 
Expectations Deviations 
Observed 






























Table 58. Test for presence of linkage among genetic factors controlling 
tassel branch number of BSSS-36 x BSSS-78. 
Sources df SS MS 
Linkage 1 2.49 2.49 
Remainder 1 10.52 10.52 
Total 2 13.01 
F = 0.24* 
^Not significant at 0.05 level of probability. 
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Sewall Wright methods, respectively. Apparently, the difference in 
tassel branch number between BSSS-36 x BSSS-78 is controlled by only 
one gene. 
In summary, tassel branch number of BSSS-36 x BSSS-78 was 
controlled by at least one segregating genetic factor. Although 
additive gene action was present, there was strong evidence for the 
presence of nonadditive types. Both three- and six-factor generation 
mean analyses suggest dominance was the predominant type of non-
additive action, but a comparison of the ®ean and the value midway 
between the mean and the midparent value indicated epistasis 
was important. Heterosis was significant, but inbreeding depression 
was not. As mentioned previously, Compton presented a model for two 
loci that displayed only additive and additive x additive epistatic 
effects. This model is presented below, using genotypic values 
obtained in my experiment. 
bb Bb BB 
aa 4 9.5 15 
Aa 8 17.5 27 
AA 12 25 38 
If a line having genotype AAbb (i.e., with 12 tassel branches) is 
crossed with line aaBB (i.e., with 15 tassel branches), the genotype 
of the F^ would be AaBb and the plants would have 17.5 tassel branches. 
The F^, therefore, would exhibit high-parent heterosis. If the F^ 
were selfed to homozygosity, equal proportions of AABB, AAbb, aaBB, 
and aabb genotypes would be obtained. The mean of the homozygous 
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population would be 17.25, and inbreeding depression would be very 
small. The model proposed by Compton, therefore, has explained 1) the 
presence of additive and epistatic gene effects, and 2) the significant 
heterosis and nonsignificant inbreeding depression I observed for 
this cross. Furthermore, the model is consistent with the estimate 
of one or two genetic factors segregating in this cross. However, the 
model does not explain the presence of significant dominance effects 
detected with the generation mean analysis. 
Data in Table 59 show that observed and expected means (calculated 
from Compton's model) did not differ significantly for the P^, 
and Fg generations. The predicted range for the F^ was from 4 to 
38 tassel branches, and the observed range was from 7 to 32. The 
model slightly underestimated and B^, indicating there may be 
other genes controlling tassel branch number of this cross. Compton's 
model, based on additive and additive x additive epistatic gene effects, 
however, adequately explained much of the variability in tassel branch 
number observed for BSSS-36 x BSSS-78. 
F. BSSS-78 X BSSS-36 
Data in Table 60 show that BSSS-78 and BSSS-36 did not differ 
significantly for tassel branch number, and in the analysis of variance 
(Table 61) the P^ vs P^ component was not significant. Identical 
results were obtained in the experiment that Involved the reciprocal 
cross between these parents (i.e., BSSS-36 x BSSS-78). For that cross, 
the nonsignificance of the P^ vs P2 component was attributed to the 
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Table 59. Observed and expected mean tassel branch numbers obtained 
by adapting Compton's model to data for generations from 














12.80 + 1.98 
14.95 + 0.37 
17.69 + 0.43 
17.19 + 0.28 
17.70 + 0.41 








Table 60. Numbers of plants evaluated and mean numbers of tassel 
branches for nine generations of BSSS-78 x BSSS-36. 
Numbers of Mean numbers of 
Generations plants tassel branches 
(BSSS-78) 52 14.56 + 0.41 
P_ (BSSS-36) 54 14.03+0.23 
2 — 
F, 63 18.33 + 0.54 
1 — 
F„ 234 16.50 + 0.29 L — 
10,259 15.55 + 0.23 
B^ 121 17.17 + 0.31 
B^ 128 16.54 + 0.35 
B^S 5019 15.91+0.37 
BgS 5126 15.64 + 0.23 
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Table 61. Analysis of variance for tassel branch numbers of BSSS-78 
X BSSS-36. 
Sources df MS 
Replications 
Among all entries 
Among entries 
Among B^S entries 
Among BgS entries 
?! 7* ^ 2 
*2 F] 
*1 Bz 
B^S vs B^S 
h vs B^, B^ 




































Significant at 0.05, 0.01 levels of probability, respectively. 
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large standard error associated with the estimate of the mean for 
BSSS-36. In BSSS-78 x BSSS-36, however, the standard errors for 
both parental means were small. Evidently, these two inbred lines 
have the same mean number of tassel branches. I cannot conclude, 
however, that BSSS-78 and BSSS-36 contain the same gene loci for tassel 
branch number. Variance among all entries was highly significant 
(Table 61), indicating segregation of genes. Since BSSS-78 and 
BSSS-36 were derived from the same parent population, they probably 
contain some common genes that control tassel branch number. Data in 
Table 61, however, show that they also contain some different loci. 
The mean (Table 60) was significantly larger than either 
parent, and the heterosis component in the analysis of variance was 
significant (Table 61). Although and F^ mean values were 
significantly different, there was no change between and F^, B^ 
and B^S, or B^ and BgS. The F2 vs F^ and inbreeding components in the 
analysis of variance were not significant. For BSSS-78 x BSSS-36, 
the same situation existed as was observed for BSSS-36 x BSSS-78; i.e., 
heterosis was significant, but inbreeding depression was not. For 
BSSS-36 X BSSS-78, there was evidence of epistasis. The Fg mean 
value for BSSS-78 x BSSS-36, however, was not significantly different 
from a value halfway between the F^ mean and the midparent value 
(i.e., 16.50 + 0.29 vs 16.31). There was no evidence of epistasis, 
therefore, in BSSS-78 x BSSS-36. 
Observed variances are presented in Table 62. The difference 
between (11.65) and (16.11) was relatively small. This 
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Table 62. Observed values of variances for generations evaluated for 
BSSS-78 X BSSS-36. 













occurred because both parents had equal tassel branch numbers and 
because positive and negative dh products cancelled each other. 
These results indicated a lack of dominance (Mather, 1949). Similarly, 
the estimate for D was significant but that for H was not (Table 63); 
therefore, additive variance was the only significant component of 
genetic variance for this cross. 
Fitting epistatic effects in the generation mean analysis (Table 
64) did not significantly reduce the residual mean square; consequently, 
only estimates of effects obtained from the three-factor analysis 
are presented in Table 65. These estimates showed only effects due 
to dominance (d) were significant. 
I found no evidence for linkage of genetic factors in BSSS-78 x 
BSSS-36. Estimates of and (22.94 + 0.16 and 19.32 + 1.78, 
respectively) were not significantly different. Furthermore, neither 
inclusive and exclusive variance-component estimates (Table 66) nor 
inclusive and exclusive expectations of variances (Table 67) were 
significantly different. The test for linkage (Table 68) also was 
not significant. 
All heritability estimates for tassel branch number of BSSS-78 x 
BSSS-36 were relatively high. Estimated on a single-plant basis, 
narrow-sense heritability was 0.64, and the standard-unit regression 
procedure gave an estimate of 0.70. Broad-sense heritability, 
estimated on an F^-family basis, was 0.94. 
The minimum number of genetic factors estimated by the Castle-
Wright method (0.03) was similar to the estimate obtained by the 
same method for BSSS-36 x BSSS-78 (0.08). Sewall Wright's method. 
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Table 63. Estimates of variance components and standard errors obtained 
from the full matrix for tassel branch number of BSSS-78 
X BSSS-36. 
Variance components Estimates 
D 26.95 + 2.19 
H -4.69 + 5.52 
E. 7.57 + 0.82 
1 — 
E- 3.80 + 0.93 
2 — 
E^ 8.75 + 0.60 
Table 64. Goodness-of-fit of three- and six-factor generation mean 
analyses for tassel branch number of BSSS-78 x BSSS-36. 
Sources df SS MS 
Mean 
a, d 
aa, ad, dd 













F = 3.25" 
^ot significant at 0.05 level of probability. 
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Table 65. Genetic effects estimated from three-factor generation 
mean analysis for tassel branch number of BSSS-78 x BSSS-36. 
Effects Estimates 
m 16.59 + 0.42 
a 0.33 + 0.38 
d 4.09 + 1.32 
Table 66. Inclusive and exclusive variance component estimates for 
testing presence of linkage among genetic factors controlling 
tassel branch number of BSSS-78 x BSSS-36. 
Estimates 
Variance components Inclusive Exclusive 
D 17.56+3.45 18.88+3.50 
H 39.36 + 9.22 32.64 + 9.78 
E„ 4.77 + 1.02 4.65 + 1.02 
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Table 67. Observed and expected values of variances associated with 
tassel branch number of certain generations of BSSS-78 x 
BSSS-36 and deviations of observed from expected values. 
Observed Expectat ions Deviat ions 
Variances values Inclusive Exclusive Inclusive Exclusive 
Vp2 19.32 18.62 17.60 0.70 1.72 
Vp3 19.57 16.01 16.13 3.56 3.44 
11.47 9.31 11.47 2.16 0.00 
Wp2/p3 8.36 13.70 13.52 -5.34 -5.16 
E_ 1.21 4.77 4.65 -3.56 -3.44 
Sum of squares 59.02 53.25 
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Table 68. Test for presence of linkage among genetic factors controlling 
tassel branch number of BSSS-78 x BSSS-36. 
Sources df SS MS 
Linkage 1 5.77 5.77 
Remainder 1 53.25 53.25 
Total 2 59.02 
F = 0.11* 
^Not significant at 0.05 level of probability. 
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however, gave a larger estimate of the minimum number of genetic 
factors segregating for BSSS-78 x BSSS-36 (3.51) than for BSSS-36 x 
BSSS-78 (0.38). Because of downward bias due to nonadditive gene 
action, the Castle-Wright formula probably underestimated the number 
of genes for reciprocal crosses involving BSSS-36 x BSSS-78. 
Compton's model of additive and additive x additive epistasis 
effects explained several observations for tassel branch number of 
BSSS-36 X BSSS-78. Although there was no evidence of epistasis for 
BSSS-78 X BSSS-36, I hypothesized that Compton's model also should 
adequately explain variation for this cross. Similar to BSSS-36 x 
BSSS-78, BSSS-78 x BSSS-36 displayed significant heterosis, but 
nonsignificant inbreeding depression. Compton's model (presented 
below) shows that 
bb Bb BB 
aa 6 10 14 
Aa 10 18 23 
AA 14 23 32 
crossing a line with genotype AAbb (i.e., with 14 tassel branches) 
with a line of genotype aaBB (also with 14 tassel branches) will 
produce an (AaBb) that displays high-parent heterosis (i.e., 18 
tassel branches). Selfing the to homozygosity will again yield 
a population composed of 1/4 AABB, 1/4 AAbb, 1/4 aaBB, and 1/4 aabb 
genotypes. The mean of this population would be 16.5, and would show 
little inbreeding depression. Data in Table 69 show that expectations 
of means obtained with this model agree closely with observed values; 
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Table 69. Observed and expected mean tassel branch numbers obtained 
by adapting Compton's model to data for generations from 












14.56 + 0.41 14 
14.03 + 0.23 14 
18.33 + 0.54 18 
16.50 + 0.29 16.5 
17.17+0.31 16.25 
16.54 + 0.35 16.25 
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only the observed and expected values for differed significantly. 
When I applied Compton's model to data for BSSS-36 x BSSS-78, it 
similarly underestimated B^, and I concluded that perhaps modifier 
genes were present in that cross that increased the backcross means. 
Similar modifiers probably were operating in BSSS-78 x BSSS-36. This 
phenomenon would explain why Sewall Wright's method estimated a 
minimum of four genes for tassel branch number of BSSS-78 x BSSS-36. 
Compton's model can be used to predict ranges as well as 
generation means for tassel branch number. The extreme homozygotes 
of the model would be obtained in the resulting in a range of 
from 6 to 32 tassel branches. The observed data for the ranged 
from 7 to 31 branches. For both B^ and B^ generations, tassel branch 
number was expected to range frca 10 to 23; observed ranges for these 
generations were 8 to 23 and 9 to 28, respectively. Although there 
was no evidence for epistasis in this cross, the data were adequately 
explained by Compton's model. 
G. Other Crosses 
Because of lack of time and field space, detailed studies of 
BSSS-11 X BSSS-78, BSSS-78 x BSSS-11, and BSSS-36 x BSSS-11 were not 
possible; however, data were available for six generations from each 
cross; i.e., P^, P^, F^, F^, B^, and B^. The mean tassel branch 
numbers and associated standard errors for each of these generations 
are presented in Table 70. Generations P^, P^, and F^ were grown 
in the 1974 maize breeding nursery, and since these generations 
theoretically should not segregate, few observations were made 
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Table 70. Mean tassel branch numbers for six generations from three 
crosses of maize. 
Generation BSSS-11 x BSSS-78 x BSSS-36 x 
BSSS-78 BSSS-11 BSSS-11 
P, 9.81 + 0.14 15.17 + 0.31 11.67 + 0.31 
P. 15.17 + 0.31 9.81 + 0.14 9.81 + 0.14 
Ft 15.33 + 0.84 15.83 + 1.08 20.00 + 1.00 
F» 15.50 + 0.11 13.76 + 0.28 18.70 + 0.33 
B, 13.95 + 0.13 15.01 + 0.36 16.99 + 0.13 
B„ 16.54 + 0.17 14.74 + 0.36 16.10 + 0,15 
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for each. The values for and are means of from 24 to 30 
plants; whereas, the means were calculated from six plants only. 
Generations F^, B^, and were grown in the 1975 maize breeding 
nursery. Since these generations were expected to show segregation, 
175 to 180 Fg plants were averaged for each cross and B^ and 
mean values were from observations of 80 to 100 plants. 
The two crosses involving BSSS-78 and BSSS-11 are, of course, 
reciprocals. The F^ means of these crosses were not significantly 
different (Table 70). This result was similar to that obtained for 
reciprocal crosses involving BSSS-78 and BSSS-36. Neither cross 
involving BSSS-78 and BSSS-11 displayed heterosis (Table 70), 
suggesting an absence of significant amounts of nonadditive gene action. 
Furthermore, F^ means for both crosses did not differ significantly 
from the high parent (BSSS-78). Thus, high tassel branch number was 
dominant. Inbreeding depression was not significant in either of 
these crosses. This result, too, suggested a lack of nonadditive 
gene action. There was a small but significant reciprocal difference 
between the F^ means for these crosses. This difference cannot be 
explained genetically and probably is due to lack of precision in 
making the estimates. A comparison of backcross means with F^ and 
corresponding parental means showed a slight decrease in tassel branch 
number with backcrossing to the small parent. Backcrossing to the 
large parent produced an increase in tassel branch number. This 
evidence corroborates a lack of nonadditive gene action for these 
genotypes. 
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Narrow-sense heritability estimates for tassel branch number of 
BSSS-11 X BSSS-78 and BSSS-78 x BSSS-11 were relatively large. 
Heritability estimated on a single-plant basis was 0.62 for BSSS-11 
X BSSS-78 and 0,72 for BSSS-78 x BSSS-11. 
Estimates of minimum numbers of genetic factors obtained by the 
Castle-Wright and Sewall Wright methods showed that 0.24 and 0.35 
genes, respectively, were segregating for BSSS-11 x BSSS-78, and 
that 0.08 and 0.11 were segregating for BSSS-78 x BSSS-11. Apparently, 
at least one gene was segregating. The fact that, within each cross, 
estimates were consistent suggested that additive gene action 
predominated. 
Estimates of genetic effects for the two crosses, BSSS-11 x 
BSSS-78 and BSSS-78 x BSSS-11, are presented in Table 71. Effects 
for the Fg means (m) showed no significant reciprocal difference. 
Additive effects (a) were small but significant for both crosses. 
Dominance effects (d) were larger than additive effects, but were 
not significant. This situation probably resulted from lack of 
precision in estimating the means. Estimates of a and d did not 
differ significantly between the two crosses. The residual mean 
square was not significant for either cross, suggesting an absence 
of epistatic gene effects. Thus, primarily additive gene action 
controlled tassel branch numbers of these crosses. 
Results from the cross, BSSS-36 x BSSS-11 were different than 
those of the two crosses just discussed. Substantial nonadditive 
gene action was indicated for this cross [e.g., F^ mean was nearly two 
times larger than the midparent value (Table 70)]. Inbreeding 
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Table 71. Estimates of genetic effects from generation mean analyses 
for tassel branch number of three crosses of maize. 










14.66 + 0.33 
2.66 + 0.30 
3.34 + 2.72 
0.96 + 0.61 
14.34 + 0.28 
2.20 + 0.72 
3.46 + 1.86 
1.11 + 0.70 
16.37 + 0.33 
0.92 + 0.28 
9.93 + 1.50 
2.72 + 1.72 
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depression, on the other hand, was not significant, but it must be 
noted that and F^ plants were grown in different environments. 
Epistasis was suggested for this cross because the F^ mean was 18.70 
+ 0.33, but in the absence of interaction it should have been 15.37. 
The presence of substantial nonadditive gene action in BSSS-36 
X BSSS-11 also was supported by estimates of genetic effects (Table 
71). Additive effects were small but significant. Dominance effects 
(d), however, were significant and substantially greater than a 
(i.e., 9.93 vs 0.92). The residual mean square was not significant, 
indicating epistatic effects were not important. 
Narrow-sense heritability estimated on a single-plant basis 
was 0.57. This estimate seems somewhat high for a cross displaying 
so much nonadditive gene action. Narrow-sense heritability, however, 
is calculated using the additive component of variance, which, 
according to Falconer (1960), can arise from any type of gene action. 
The Castle-Wright and Sewall Wright methods gave different 
estimates of the minimum number of genetic factors controlling tassel 
branch number in this cross (i.e., 0.03 and 1.06, respectively). 
This discrepancy may have resulted from downward bias in the Castle-
Wright estimate caused by nonadditive gene action in BSSS-36 x BSSS-11. 
I evaluated three crosses involving BSSS-36, and three observa­
tions were common to all the crosses: 1) significant amounts of 
heterosis were present, 2) inbreeding depression was not significant, 
and 3) estimates of d in the generation mean analyses were significant 
and larger than estimates of a. The other parents in these crosses 
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(BSSS-11 and BSSS-78) have been evaluated in combinations with other 
lines and showed none of these three phenomena. These observations, 
therefore, must be characteristic of BSSS-36 and could be caused by 
a gene (or genes) present in BSSS-36 that is not present in BSSS-11 
or BSSS-78. Furthermore, this gene (or genes) acts in a nonadditive 
manner; i.e., it generates significant dominance effects in generation 
mean analyses, and in combination with BSSS—78, results in additive 
X additive epistasis. 
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V. GENERAL DISCUSSION 
A. Investigation of Sources of Bias in the Generation 
Mean Analysis Procedure 
I used generation mean analyses extensively to determine types 
of gene action controlling tassel branch number in several crosses of 
maize. One disadvantage of this method is that it measures only the 
algebraic sum of effects of genes influencing a trait. It is impossible 
to determine effects of individual gene loci with this procedure. If 
a "plus" effect occurs at one locus and a "minus" effect of equal 
magnitude occurs at another, the generation mean analysis will detect 
no effect, even though a large aggregate effect actually is present. 
When interpreting generation mean analyses, it would be helpful to know 
if the bias introduced by summation of gene effects across loci is of 
sufficient magnitude to produce erroneous conclusions about types of 
gene action for a trait. To determine the magnitude of such a bias, 
effects of individual loci must be known. 
Gene effects at individual loci were determined by Russell and 
Eberhart (1970) in a study involving B14 "isolines" for the three 
marker genes, R^^, Rf^, and wx. Twenty-seven genotypes that represented 
all possible homozygotes and heterozygotes for the three loci were 
generated from the "isolines" and the B14 recurrent parent. These 
genotypes were grown in 20 replications in one environment, and nine 
plant and ear traits were evaluated. Highly significant differences 
among genotypes were observed for all nine traits, indicating that the 
chromosome segments transferred by backcrossing carried genes in 
addition to those for the three marker traits. 
Ill 
The 27 genotypes in this study represented three phases at each 
3 
of three loci and were analogous to a 3 factorial experiment. 
Cockerham (1954) modified the analysis of this type of factorial 
experiment to allow determination of types of gene action, and Russell 
and Eberhart (1970) used the modified analysis to estimate additive 
and dominance effects due to each of the three loci (and adjacent 
chromosome segments) and all possible first- and second-order epistatic 
interactions for all nine traits. Furthermore, they partitioned the 
genotypic sums of squares into percentages attributable to each type 
of gene action. Subsequent studies evaluated the transfer of Rf^, brg, 
and wx into Hy (Russell, 1971) and R^^, wx, and ws into B14 (Russell, 
1976). 
In order to determine effects of cancellations of positive and 
negative gene effects on generation mean analyses, I reanalyzed data 
of Russell and Eberhart (1970) and Russell (1971, 1976), and results 
of my analyses were compared to the original results obtained for the 
effects of individual loci. I chose the two triple homozygotes (i.e., 
B14 rprpfrfrwxwx and B14 RpRpRfRfWxWx from the study of Russell and 
Eberhart (1970) as parents for my analyses. Values observed by 
Russell and Eberhart (1970) for these two genotypes were entered in 
rows corresponding to and in the generation-mean-analysis 
matrix (Table 8). Observed values for the triple heterozygote (i.e., 
B14 RprpRfrfWxwx) were entered in the row of the matrix. Genotypic 
arrays were calculated for F^, B^, B^, B^ x P^, and B^ x P^ generations, 
and means for each trait were entered in corresponding rows of the 
generation-mean-analysis matrix. The resulting matrix for each trait 
112 
contained eight equations with six unknowns, and allowed estimation 
of m, a, d, aa, ad, dd, and second-order epistatic effects. These 
equations were solved simultaneously, and in addition to obtaining 
estimates of genetic effects, a stepwise regression analysis was 
performed. The residual sum of squares after fitting m was considered 
analogous to the genotypic sum of squares. Sums of squares due to 
fitting each genetic effect were obtained, and I converted these 
values to a percentage of the genotypic sum of squares. Subsequently, 
I compared the contribution of the gene effect to the genotypic sum 
of squares for the generation mean analysis (in which gene effects at 
individual loci may cancel each other) and Cockerham's (1954) model (in 
which effects at individual loci may be determined). Data for most 
traits were presented in the studies by Russell and Eberhart (1970) and 
Russell (1971, 1976); therefore, most traits were evaluated by three 
different generation mean analyses, and 28 comparisons were made. Data 
in Table 72 through 75 are a selected sample of these comparisons. 
Agreement between the two methods for determining genetic effects varied 
considerably between traits; e.g., sums of squares attributable to 
each gene effect for number of ears per plant (Russell and Eberhart, 
1970) and plant height (Russell, 1971) were of similar magnitude for 
both methods (Tables 72 and 73). Regardless of the method used to 
determine genetic effects, additive effects were of major importance 
for plant height, but dominance effects were present (Table 72). Both 
methods indicated that for number of ears per plant (Table 73), 
additive and additive x additive effects were important. The generation 
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Table 72. Types of genetic effects for plant height expressed as a 
percentage of genotypic sums of squares obtained by two 





Generation mean analysis 
a 82 86 
d 17 13 
aa 0 •CI 
ad 1 < 1  
dd 0 <1 
Second order epistasis 0 1 1  
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Table 73. Types of genetic effects for number of ears per plant 
expressed as a percentage of genotypic sums of squares 
obtained by two methods of estimation (Russell and 
Eberhart, 1970). 
Methods of estimation 
Effects Cockerham analysis Generation mean analysis 
a 64 67 
d 3 9 
aa 17 22 
ad 7 <1 
dd 5 2 
Second order 4 < 1 
epistasis 
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Table 74. Types of genetic effects for number of days to anthesis 
expressed as a percentage of genotyplc sums of squares 
obtained by two methods of estimation (Russell, 1976). 
Methods of estimation 
Effects Cockerham analyses Generation mean analysis 
a 73 5 
d 3 14 
aa 13 61 
ad 4 0 
dd 4 16 
Second order epistasis 3 3 
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Table 75. Types of genetic effects for tassel branch number expressed 
as a percentage of genotypic sums of squares obtained by 
two methods of estimation (Russell, 1971). 
Methods of estimation 
Effects Cockerham analysis Generation mean analysis 
a 6 84 
d 10 15 
aa 54 ^1 
ad 4 ^1 
dd 4 0 
Second order 22 1 
epistasis 
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mean analysis for number of days to anthesis (Table 74) showed additive 
X additive effects were most important, but a preponderance of additive 
gene action was indicated by Cockerham's (1954) analysis. In this 
case, therefore, the generation mean analysis underestimated the 
importance of additive genetic effects. The opposite situation can 
occur also. Table 75 gives an example in which the generation mean 
analysis indicated a majority of the gene action controlling tassel 
branch number was additive, but when individual loci were analyzed, 
additive effects played only a minor role. If results obtained with 
Cockerham's (1954) model are representative of types of gene action 
controlling a trait, the generation mean analysis may give inconsistent 
estimates of gene effects. 
A major criticism of generation mean analyses is that they 
consistently overestimate the importance of additive genetic effects. 
My data, however, did not support this criticism. For each of the 
traits evaluated by Russell and Eberhart (1970) and Russell (1971, 
1976), I calculated a correlation (from data combined across all three 
studies) between percentage of genotypic sums of squares attributed to 
different genetic effects estimated by the generation mean analysis 
and Cockerham's (1954) analysis. I also calculated the average 
percentage of additive genetic effects for each trait. Theoretically, 
if the generation mean analysis consistently overestimates the 
importance of additive effects relative to the importance of various 
nonadditive effects, the traits in which Cockerham's (1954) analysis 
showed that additive effects accounted for nearly 100% of the 
118 
genotype effect would have a high correlation coefficient. This occurs 
because as additive effects approach 100% of the genotypic effect, the 
amount of overestimation decreases. Data in Table 76 do not show this 
trend. The association between the correlation coefficient and average 
percentage of additive effects was random. The five traits with the 
lowest correlation averaged 54.2% additive effects, whereas the five 
highest traits averaged 60.8%. A difference of 6% in the importance 
of additive effects probably would not be significant for most plant 
breeders. Additionally, grain yield, which in maize is considered to 
be controlled by nonadditive gene action, displayed one of the highest 
correlation coefficients. I concluded, therefore, that the amount of 
additive gene action for a trait does not influence the validity of 
estimates of genetic effects obtained by generation mean analyses for 
that trait. 
My data suggested the amount of cancellation of positive and 
negative gene effects which occurs with the generation mean analysis 
may be a major factor in determining the validity of gene-effect 
estimates obtained with the procedure. Usually, a plant breeder 
cannot calculate effects of individual loci; and therefore cannot 
ascertain the accuracy of the estimate of gene effects obtained with 
generation mean analyses. For many traits (Tables 72 and 73) the 
generation mean analysis provided estimates of gene effects that agreed 
closely with estimates obtained by more involved methods. Correlation 
between results from generation mean analyses and Cockerham's (1954) 
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Table 76. Correlation coefficients between genetic effects obtained 
by two methods of estimation and average percentage of 
additive effects for each trait. 
Percentage 
Trait r additive effects 
Tassel branch number 53* 47 
Ears per plant 55 67 
Days to anthesis 63** 59 
300 kernel weight 71** 48 
Ear length 89** 50 
Kernel row number 89** 53 
Ear height 90** 64 
Ear diameter 91** 70 
Yield 95** 54 
Plant height 97** 63 
' Significant at 5% and 1% levels of probability, respectively. 
procedure were high (Table 76), so the generation mean analysis can 
provide valuable information if the plant breeder carefully interprets 
his or her results. One must evaluate results from several generation 
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mean analyses of a trait and decide if the estimates obtained are 
consistent with observed amounts of heterosis and inbreeding depression. 
If the types of gene action indicated by the generation mean analysis 
do not conflict with other observations, the estimates obtained 
probably are accurate. Because tassel branch number had the lowest 
correlation of all traits studied (Table 76), I carefully evaluated 
results from my generation mean analyses. Since I used several 
procedures to determine the types of gene action controlling tassel 
branch number, conclusions I have drawn in the following sections are 
based on all available data and not just results of generation mean 
analyses. 
B. Breeding Small-tasseled Inbreds 
In this section I will: 1) summarize my data concerning types 
of gene action controlling tassel branch number, 2) generalize my 
findings on inheritance of tassel branch number, and 3) relate types 
of gene action controlling tassel branch number to selection procedures 
that would be efficient for developing small-tasseled inbreds. 
For A257 x B75, absence of heterosis and Inbreeding depression, 
significance of estimates of additive genetic effects and variances, 
large magnitudes of narrow-sense heritablllty estimates, and agreement 
of estimates of minimum numbers of genetic factors suggested that 
additive gene action was most important in determining tassel branch 
number. Except for aa effects, epistatlc gene effects were 
relatively unimportant. Also, there was no detectable dominance 
121 
for high or low tassel branch number. Heritabilities were relatively 
high, and at least three unlinked genes controlled number of tassel 
branches of A257 x B75. 
At least five unlinked genes controlled tassel branch number of 
(M14 X C103)-1505 x B75. All evidence suggested that nonadditive 
gene action predominated in this cross. Additive, dominance, and 
additive x dominance gene effects were significant, but magnitude of 
dominance effects was largest. Additive genetic variance was not 
detectable. Individual F^-plant values suggested the presence of 
complementary epistasis between two major genes. 
For BSSS-101 x B75, significant amounts of additive genetic 
variance were present, but epistatic gene action predominated. 
Generation mean analysis indicated that additive, dominance, additive 
X additive, and additive x dominance gene effects were significant. 
Narrow-sense heritability estimates probably were biased upward by 
epistasis, but broad-sense estimates were large and agreed with those 
obtained for other crosses. Because of bias from epistasis, estimates 
of variance components and minimum numbers of genetic factors for 
this cross were of little value. Loci controlling tassel branch 
number of BSSS-101 x B75 were not linked. A five-locus model involving 
additive, dominance, and epistatic gene action adequately explained 
the observed data. 
At least two loci that possibly were linked controlled tassel 
branch number of B75 x H19. Both additive and dominance gene action 
were present, but estimates of variance components suggested additive 
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genetic variance was most important. Generation mean analysis, however, 
indicated dominance effects were slightly more important than additive 
effects. Both procedures may have been biased by linkage. A model 
involving a minimum of two loci was sufficient to explain the 
observed results. 
Estimates of both additive and nonadditive variances were 
significant for BSSS-36 x BSSS-78, but nonadditive gene effects 
predominated. Heterosis was present, and the generation mean analysis 
detected significant dominance effects. Comparison of mean value 
with the mean and midparent values suggested the presence of 
epistasis. Compton's^'^ model, involving additive and additive x 
additive epistatic effects, adequately explained the results. 
Only additive genetic variance was significant for BSSS-78 x 
BSSS-36, but the generation mean analysis indicated dominance effects 
were important. Neither the generation mean analysis nor the comparison 
of the F^ mean value with F^ mean and midparent values indicated the 
presence of epistasis. Compton's model, however, satisfactorily 
explained values of means and ranges of tassel branch numbers 
observed for BSSS-78 x BSSS-36. 
Neither heterosis nor inbreeding depression were significant for 
BSSS-11 x BSSS-78 and BSSS-78 x BSSS-11, indicating a preponderance 
TJ Compton, W. A. 1977. Heterosis and additive x additive epistasis. 
Personal communication. 
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of additive gene action. Furthermore, only additive effects were 
significant in generation mean analyses for each cross. 
The amount of heterosis present for BSSS-36 x BSSS-11 indicated 
nonadditive gene action was most important for this cross. Comparison 
of the Fo mean value with the F, mean and midparent values suggested Z 1 
the presence of epistasis. The generation mean analysis detected no 
epistatic effects, but both additive and dominance effects were 
significant, and d was substantially greater than a. 
My data showed that both additive and nonadditive gene action 
were important in the inheritance of tassel branch number. 
Significant additive variance was present in all crosses except 
(M14 X C103)-1505 X B75, and nonadditive variance was significant in 
two of the six crosses for which I estimated variance components. 
I used generation mean analyses to estimate genetic effects for nine 
crosses, and for seven of these, additive effects were significant. 
No significant estimates of a were obtained for the two crosses 
Involving BSSS-36 and BSSS-78. Dominance effects were significant for 
six crosses, and estimates of d often were larger than estimates of a. 
Significant additive x additive effects were indicated for BSSS-101 
X B75. Additionally, BSSS-101 x B75 and (Ml4 x C103)-1505 x B75 
were characterized by significant estimates of additive x dominance 
effects. Contrary to results of Daniel (1965b), T obtained no 
significant dominance x dominance epistatic effects for tassel branch 
number. 
Based on estimates of variance components, genetic effects, and 
results from applications of various models to my data, the nine 
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crosses in my study could be classified into two groups; i.e., 
1) crosses in which additive gene action was most important (A257 x 
B75, B75 X H19, BSSS-11 x BSSS-78, and BSSS-78 x BSSS-11), and 2) 
crosses in which nonadditive gene action predominated ([M14 x C103]-
1505 X B75, BSSS-101 x B75, BSSS-36 x BSSS-78, BSSS-78 x BSSS-36, 
and BSSS-36 x BSSS-11). In the latter five crosses, dominance and 
epistasis were nearly of equal importance, and dominance effects were 
significant and larger than additive effects. For all these crosses, 
except BSSS-36 x BSSS-11, models involving epistasis adequately 
explained the data. 
Estimates of heritability in the nine crosses I studied were 
relatively large. Estimated on a single-plant basis, narrow-sense 
heritability ranged from 0.00 fojt (M14 x C103)-1505 x B75 to 1.27 for 
BSSS-101 X B75. Additive genetic variance was not significant for 
the first of these crosses, and variance component estimates were 
biased by the presence of epistasis for BSSS-101 x B75. After 
elimination of these two extreme heritability estimates, the seven 
remaining estimates ranged from 0.54 to 0.72, with a mean of 0.50. 
My estimates agreed with those reported by Daniel (1965a) (0.65) and 
Mock and Schuetz (1974) (0.53). Mean narrow-sense heritability 
estimated by standards-unit regression was 0.66, and estimates ranged 
from 0.59 to 0.70 [excluding estimates for (M14 x C103)-1505 x B75 
and BSSS-101 x B75]. Heritability estimated on an Fg-family-mean 
basis (i.e., heritability in the broad sense) ranged from 0.93 to 
0.98, with a mean of 0.94. Obviously, additive gene action was 
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important and the environment had little effect on tassel branch 
number. 
Estimates of minimum numbers of segregating genetic factors 
generally were smaller than one. Exceptions were (M14 x C103)-1505 
X B75, for which the Castle-Wright and Sewall Wright methods estimated 
1.48 and 4.93 factors, respectively; and A257 x B75, for which both 
methods estimated 2.83 factors. The fall-ratio method estimated at 
least two genetic factors were segregating in B75 x H19. Magnitudes 
of these estimates agreed with estimates of two to three segregating 
genes obtained by Daniel (1965b), but were less than those (i.e., eight 
or nine genetic factors) obtained by Mock and Schuetz in 1974. The 
difference between mean tassel branch numbers of the parents of the 
cross studied by Mock and Schueta (1974) was greater than the 
difference between parental means for any of the crosses I studied; 
consequently, I would expect estimates of minimum numbers of 
segregating factors to be less for these crosses, because (P^-Pg) is 
in the numerator of both the Castle-Wright and Sewall Wright formulas. 
Although values of (P^-Pg) and estimates of numbers of genetic 
factors obtained for my study were both smaller than those reported 
by Mock and Schuetz (1974), my data show that large differences in 
parental mean values do not always produce the largest estimates of 
numbers of genetic factors. For example, the difference between 
parental mean values of BSSS-101 and B75 was 14.39. Estimates of 
minimum number of genetic factors, however, were 1.48 and 4.93 for 
(M14 X C103)-1505 x B75, but both formulas estimated 0.74 factors 
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for BSSS-101 X B75. Obviously, the estimates were affected by 
factors other than the differences between parental mean values. 
There are two possible explanations for these observations. Firstly, 
the formulas may have been biased by nonadditive gene action which 
resulted in underestimation of the number of segregating genetic 
factors. This hypothesis is supported by the fact that for most 
crosses in which nonadditive gene action was important, estimates of 
minimum numbers of genetic factors were smaller than one. Bias due 
to nonadditive gene action may have been greater for BSSS-101 x 
B75 than for (M14 x C103)-1505 x B75; therefore, the amount of under­
estimation was greater for BSSS-101 x B75. Secondly, for crosses 
with small estimates of numbers of genetic factors (i.e., BSSS-101 x 
B75 and BSSS-36 x BSSS-78), tassel branch number may have been 
controlled by one or two segregating major genes, but (M14 x C103)-
1505 and B75 may have differed by several modifiers, or minor genes, 
which had small effects. 
In general, therefore, tassel branch number in maize is controlled 
by both additive and nonadditive gene action, but significant additive 
genetic variance usually is always present. Narrow-sense 
heritabilities were relatively high, emphasizing the overall 
importance of additive gene action. Estimates of broad-sense 
heritability were circa 1.0, suggesting that environmental factors 
have little effect on tassel branch number. The maize genome contains 
at least eight or nine genes determining tassel branch number (Mock 
and Schuetz, 1974), but not all genes segregate in every cross. Bias 
in variance-component estimates due to linkage was seldom detected; 
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therefore, the genes controlling tassel branch number are evenly 
distributed across the maize genome. 
For plant breeders, the most important aspects of studies on 
inheritance of traits are implications for selection programs. 
Inheritance studies often are conducted to determine which selection 
procedure would be most efficient for improvement of the trait being 
studied. I have previously presented evidence suggesting that reduced 
tassel size in maize is associated with increased tolerance to high 
plant densities. A breeding program involved with density-tolerant 
maize genotypes, therefore, should include selection for small tassel 
size. Furthermore, tassel branch number is an adequate measure of 
tassel size. My data indicated that, although considerable non-
additive gene action was involved in the genetics of tassel branch 
number, significant additive gene effects and additive genetic variance 
were almost always present. Additionally, narrow-sense heritability 
estimates were relatively high. Both observations suggest that mass 
selection would be most efficient for reducing tassel branch number 
in maize. Mass selection could be used to develop a small-tasseled 
breeding population from which small-tasseled inbreds could be produced 
by pedigree selection or, alternatively, pedigree selection for 
inbreds with reduced tassel branch number and other desirable 
agronomic traits could be conducted simultaneously in the base 
population. 
Lush (1945) presented the following formula for expected 
gain per cycle of selection; 
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G = HD 
c 
where = expected genetic gain per cycle, 
H = narrow^sense heritability, 
D = selection differential. 
Substituting my data into this formula showed that selection would 
be effective in reducing tassel branch number. I found a mean 
heritability value of 0.60 for tassel branch number, and using the 
of A257 X B75 as a base population and a selection intensity of 
10%, D would be 5.80 branches [i.e., 8.55 (the mean) - 2.75 
(mean of the 10% of the smallest-tasseled F^ plants)]. G^, therefore, 
would be 3.5 branches. Other crosses gave G^ values ranging from 
0.8 for (M14 X C103)-1505 x B75 to 7.3 for BSSS-101 x B75. Usually, 
one cycle of mass selection can be completed each year, so within a 
few years, tassel branch number could be substantially reduced in most 
maize populations. 
Johnson and Lambert (1975) observed a yield increase of 5.9 q/ha 
when tassel size was reduced by 12.5 branches. Assuming yield 
increases of this magnitude occur with each unit of decrease In 
tassel branch number, each cycle of mass selection could increase 
maize grain yields by 1.6 q/ha. 
Larger gains in grain yield theoretically are possible. Fakorede 
(1977) found that seven cycles of reciprocal recurrent selection for 
yield increased grain yield by 14.90 q/ha and reduced tassel size by 
2.82 branches. Similarly, six cycles of recurrent half-sib family 
selection for yield increased grain yield 13.47 q/ha and decreased 
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mean tassel branch number by 2.37. Each grain-yield increase of 5.5 
q/ha, therefore, was accompanied by a one-branch reduction in tassel 
size. Conversely, reduction of tassel size by one branch could 
conceivably be accompanied by a grain yield increase of 5.5 q/ha. 
Hypothetically, reduction of tassel branch number by 3.5 branches per 
cycle of mass selection could produce a yield increase of 19.2 q/ha 
per cycle. Consequently, selection for reduced tassel branch number 
could increase yield by nearly 20 q/ha per year compared to 0.7 2 q/ha 
per year obtained with recurrent selection for grain yield per se 
(Fakorede, 1977). 
I would not expect selection for reduced tassel branch number 
to be consistently associated with significant grain-yield increases. 
My results show, however, that mass selection should be effective in 
reducing tassel branch number and correlated responses could include 
appreciable enhancements of grain yield. 
C. Producing Small-tasseled Hybrids 
Development of small-tasseled inbreds is only the first step 
toward capitalizing on tolerance to high plant densities associated 
with small tassels. Most farmers in the United States grow single-cross 
hybrids; therefore, to increase significantly the density tolerance 
of the United States maize crop, small-tasseled single-cross hybrids 
are necessary. Several factors must be considered when selecting 
inbreds as parents for a small-tasseled hybrid. These are: 1) which 
parent is to be used as the female and which as the male, 2) the tassel 
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size of the parental inbreds, and 3) the specific combining ability 
for tassel size between the two inbreds. 
My data suggested that the choice of a line to be used as male 
or female has little bearing on the tassel size of the hybrid 
progeny. I found no evidence for a reciprocal effect between BSSS-36 
X BSSS-78 and BSSS-78 x BSSS-36 (Table 77). There was a statistically 
significant difference between the two crosses for some generations 
(e.g., Fg, X BSSS-78 and [F^ x BSSS-78] ® ). These differences 
could have resulted from the two crosses being grown in separate 
environments, and since they were of magnitudes of one tassel branch 
or less, they are of little practical significance. Comparison of 
data in Tables 55 and 65 showed there was no reciprocal effect on 
estimates of genetic effects fox these two crosses. 
Likewise, crosses involving BSSS-78 and BSSS-11 showed no 
evidence of reciprocal effects. There was no difference between F^ 
means (Table 70), and estimates of genetic effects for the two 
crosses were similar (Table 71). Furthermore, mean numbers of tassel 
branches did not differ significantly for B75 x HI9 and H19 x B75 
(Table 40). 
Mock and Schuetz (1974) also found no evidence for a reciprocal 
effect for crosses involving BSSS-11 and BSSS-26. 
This lack of reciprocal effects implies that maize hybrid seed 
producers do not need to consider tassel branch number when deciding 
which inbred of a pair to use as the seed parent. Rather, they 
can use conventional criteria, such as seed yield, seed grade, and 
seed germination. 
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Table 77. Mean number of tassel branches for several generations of two 
reciprocal crosses. 
Means 
Generation BSSS-36 x BSSS-78 BSSS-78 x BSSS-36 
BSSS-78 14.95+0.37 14.56+0.41 
BSSS-36 12.80 + 1.98 14.03+ 0.23 
F, 17.69 + 0.43 18.33 + 0.54 
1 — — 
17.19 + 0.28 16.50 + 0.29 
2 — — 
F, 15.93 + 0.22 15.55 + 0.23 3 _ _ 
F, X BSSS-78 18.35 + 0.34 17.17 + 0.31 
1 — — 
F, X BSSS-36 17.70 + 0.41 16.54 + 0.35 
1 — — 
(F^ X BSSS-78) ® 15.69 + 0.24 15.91 + 0.37 
(F^ X BSSS-36) ® 16.54 + 0.21 15.64 + 0.23 
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My data indicated that two small-tasseled inbreds must be crossed 
to obtain a small-tasseled hybrid. The response varied from over-
dominance (for [M14 X C1031-1505 x B75, BSSS-101 x B75, B75 x H19, 
BSSS-36 X BSSS-78, BSSS-78 x BSSS-36, and BSSS-36 x BSSS-11) to 
complete dominance (for BSSS-11 x BSSS-78 and BSSS-78 x BSSS-11) to 
partial dominance (for A257 x B75) for large number of tassel branches. 
Dominance of large tassel branch number was also reported by Daniel 
(1965b) and Mock and Schuetz (1974). Although responses for the 
crosses I evaluated varied considerably across genotypes, means 
were never smaller than their corresponding midparent values. One 
cross, (M14 X C103)-1517 x B75 (Table 1), showed dominance for small 
tassel branch number, but obviously this phenomenon is rare. The 
most reliable method for obtaining small-tasseled hybrids, therefore, 
would be to cross two small-tasseled inbreds. 
My data also showed that crossing two small-tasseled inbreds may 
not always produce a small-tasseled hybrid. I evaluated two crosses 
[(M14 x C103)-1505 x B75 and B75 x H19] in which both inbred parents 
had less than six tassel branches, but the F^ means were greater than 
those of either parent. The most probable explanation of this 
phenomenon is that (M14 x C103)-1505 and H19 possessed recessive 
alleles for small tassel branch number at different loci than those of 
B75. Consequently, complementation produced an F^ with more tassel 
branches than either parent. Complementation has been suggested 
previously as the cause of transgressive segregation for tassel branch 
number observed for B75 x H19 (Table 49 and Mock and Schuetz, 1974). 
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These results suggest that the two parents of a cross must contain 
the same set of alleles for tassel branch number. Evidently, 
specific combining ability for tassel branch number of inbreds must 
be evaluated in testcrosses just as specific combining ability for 
grain yield is evaluated. Because combining ability for both tassel 
branch number and grain yield can be evaluated in the same set of 
testcrosses, these evaluations need not involve additional labor. 
Yield must be evaluated in several environments; but Mock and Schuetz 
(1974) found that magnitude of genotype x environment interaction 
was relatively small for tassel branch number; consequently tassel 
branch number of the testcrosses could be evaluated in only one 
environment. 
D. Practical Considerations for Reducing Tassel 
Branch Number 
Because of decreased pollen production associated with small 
tassels, the maize hybrid seed industry may be reluctant to initiate 
selection for small-tasseled inbreds and production of small-
tasseled hybrids. If the tassel is too small, pollination may be 
inadequate. My data, however, indicated that decreasing tassel size 
does not always create problems with pollination, either in hybrid-
production or farmers' fields. 
To produce single-cross hybrids successfully, inbreds used as 
8/ 
male parents must produce at least 1 gm of pollen per plant.— A 
Frey, N. M. 1976. Personal communication. 
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density of 40,000 plants/ha approximates densities used in commercial 
single-cross production fields. B75, a small-tasseled inbred used 
extensively in my study, produced only 0.62 gm pollen per plant at 
this density, and probably would be inadequate to pollinate female 
plants (Table 78). At a density of 80,000 plants/ha, however, B75 
produced 0.46 gm of pollen per plant. On a per-hectare basis, this 
would be the equivalent of each plant at the 40,000 plants/ha density 
yielding 0.92 gm of pollen. Furthermore, at 160,000 plants/ha, B75 
produced as much pollen per hectare as if each plant at 40,000 plants/ 
ha were producing 2.64 gm of pollen. Adequate pollen, therefore, 
could be obtained by increasing the density of the male rows to 
80,000 or 160,000 plants/ha. Such an increase would undoubtedly 
decrease grain yield of the male plants, but should have little 
effect on hybrid seed yield since density of the female rows would 
not be changed. 
Another objection to the production of small-tasseled hybrids 
is that in farmers' fields, the pollen yield may be adequate in 
favorable years, but inadequate during stress years. The Ames environ­
ment in 1975 was dry but not unfavorable for maize production. This 
same location in 1976, however, was extremely dry, and three weeks 
before tassel emergence, a hailstorm completely defoliated plots 
used for determination of pollen yield. Obviously, 1976 was a stress 
environment. As expected, 1976 pollen production of two large-
tasseled inbreds (BSSS-78 and ITE 701) was decreased from 31 to 40% 
at 40,000 plants/ha, and from 53 to 57% at 160,000 plants/ha compared 
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Table 78. Pollen production (gm per plant) for maize inbred B75, at 
three plant densities in two years.^ 
Density, plants/ha 
Year 40,000 80,000 160,000 
1975 .47 .50 .71 
1976 .77 .44 .61 
Mean .62 .46 .66 
^Schuetz, S. H., and J. J. Mock. 1975, 1976. Unpublished progress 
reports to the Committee for Agricultural Development. Agronomy 
Department, Iowa State University. 
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to that of 1975. However, B75 yielded 15% less pollen at 160,000 
plants/ha in 1976 than in 1975; but its pollen production increased 
63% at 40,000 plants/ha (Table 78). Regardless of the environment, 
B75 produced approximately one-half gm of pollen per plant. This 
amount should be adequate for pollination in the farmers' fields. 
These data demonstrated that pollination problems are not necessarily 
inherent with small-tasseled maize genotypes, but pollen production 
of other small-tasseled genotypes has not been evaluated, and results 
may be different from those obtained for B75. 
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VII. SUMMARY AND CONCLUSIONS 
I evaluated types of gene action affecting tassel branch number 
of maize and subsequently related my findings to selection of small-
tasseled inbreds and production of small-tasseled hybrids. I 
evaluated six crosses in detail (i.e., P^, P^, F^, F^, 
generations and F^, B^S, and B^S families), but only P^, P^, F^, F^, 
and B^ generations were evaluated for three additional crosses. I 
calculated additive and nonadditive components of variance and 
estimated gene effects with generation mean analyses for each cross. 
Narrow-sense heritability was estimated on a single-plant basis and 
by standard-unit regression procedures. Also, broad-sense heritability 
estimates (Fg-family basis) were obtained. Minimum numbers of genetic 
factors segregating in each cross were estimated by both the Castle-
Wright and Sewall Wright methods, and variance-component estimates 
were evaluated for bias due to linkage. Furthermore, I investigated 
sources of bias in the generation mean analysis and evaluated 
significance of these biases for plant breeders. 
My data supported the following conclusions; 
1) All types of gene action were involved in the inheritance 
of tassel branch number; however, significant additive effects 
and significant amounts of additive genetic variance usually 
were present. 
2) Narrow-sense heritability estimates ranged from 0.5 to 0.7, 
and broad-sense estimates were 0.9 or greater. 
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3) A minimum of one to three genes were segregating for 
tassel branch number in the crosses I evaluated. 
4) Linkage bias was seldom significant; therefore, genes 
controlling tassel branch number are not clustered in 
the maize genome. 
5) Reciprocal effects for tassel branch number were not 
significant. 
6) responses were genotype-dependent, but large usually 
was dominant to small number of tassel branches. 
7) Mass selection should be an efficient procedure for reducing 
tassel branch number of maize populations. 
8) Small-tasseled maize hybrids will be obtained most easily 
by crossing two small-tasseled inbreds that possess the 
same set of alleles for tassel branch number. 
9) Data obtained for maize inbred B75 suggested small-
tasseled genotypes that produce sufficient amounts of 
pollen can be developed. 
10) Cancellation of positive and negative effects at individual 
gene loci may bias estimates of gene effects obtained by 
generation mean analyses. If types of gene action suggested 
by other observations conflict with estimates of gene 
effects obtained by generation mean analyses, bias due to 
cancellation of effects at individual loci may be responsible. 
The amount of additive gene action present for a trait does 
not effect the validity of gene effect estimates. 
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